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CHAPTER 1

INTRODUCTION

TM 5-802-1

1-1. Purpose.

This manual establishes criteria and standards for
economic studies for projects in the military
construction program (MCP) and provides de-
tailed guidance for implementing these criteria.
This manual serves as an aid to design profes-
sionals in fulfilling their responsibility to base
decisions on sound economic studies, in accor-
dance with current policy.

1-2. Scope.

This manual has been developed as a complete,
self-contained document and includes all the infor-
mation needed to perform the economic studies
required for MCP projects. More specifically, this
manual contains:

– A full, detailed and unified presentation of
the criteria and standards that govern the
conduct of the life cycle cost (LCC)—based
economic studies required by Department of
Defense (DOD) and higher authorities for
MCP projects.

– Step-by-step instructions for performing life
cycle cost analyses (LCCA) and related calcu-
lations in response to current requirements.

– Numerous worked-out examples of the indi-
vidual calculations.

—Examples of complete life cycle cost analyses
– Tabular materials and sample worksheets de-

veloped to minimize the amount of calculation
involved in economic studies and to maximize
their effectiveness.

1-3. Background.

The design of a facility in the MCP may be
viewed as a series of decisions or choices among
alternative methods for satisfying functional re-
quirements. The design progresses as each of
these decisions is made and implemented—that is,
as particular design alternatives are selected for
use in the facility and incorporated into the
design. In general, the basis for selecting particu-
lar alternatives for implementation is minimum
life cycle cost.

a. Life cycle costs. The LCC for a facility (or
for a design alternative) is the sum of all the
costs that are expected to be incurred as the
facility (or the design alternative) performs its
function over a period of time. This sum is

sometimes referred to as the total cost of owner-
ship. It includes the costs of design, construction/
procurement, energy, maintenance, operation
(other than energy), repairs, alterations, and dis-
posal.

b. Advantages of using LCCs. The LCC of a
design alternative is the most complete indicator
of the expected cost of obtaining, utilizing, and
disposing of the alternative. Thus, LCCs provide
the most valid basis for comparing the costs of
completing design alternatives and for selecting
the feasible alternative with the lowest cost. In
addition, the LCC procedure permits careful con-
sideration of the use, cost, and conservation of
energy-an advantage particularly important in
the design of MCP facilities, where the achieve-
ment of significant reductions in energy consump-
tion is a statutory requirement.

c. Life cycle costs in economic studies. Life
cycle cost analysis is a systematic procedure for
measuring and comparing the LCC of two or
more design alternatives and selecting the most
cost effective one for implementation. The totality
of all life cycle cost analyses performed for a
particular MCP project, along with the related
overall management effort, is referred to in this
manual as the economic study for the project.

1-4. Cost data.

The objectives of this manual are satisfied in
large part by means of illustrative material,
which in most cases is presented in the form of
simulated case histories for MCP projects. These
simulated case histories were developed at the
beginning of calendar year 1982, and utilize cost
information that generally reflects market prices
and cost-growth projections of that timeframe.
(The differential escalation rates for fuel and
energy, for example, are taken from projections
developed by the Department of Energy for the
Federal Energy Management Program (FEMP),
Commercial Sector, and contained in the 1982
edition of the Code of Federal Regulations, in
accordance with standard practice throughout the
Department of Defense at that time.) In a num-
ber of cases, however, cost figures were con-
structed, or adjusted, primarily for instructional
advantages (i.e., to help make a point). It is

1-1
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important for the reader to recognize that the
simulated case histories presented herein were
developed primarily for the purpose of illustrating
the proper interpretation and the proper imple-
mentation of the criteria of chapter 2 and the
calculational procedures described in the other
chapters of this manual. They were not intended
to provide cost guidance for future life cycle cost
studies; nor were they intended to provide design
guidance for future life cycle cost studies on the
relative economic rankings of competing design
alternatives. Current market prices must be ob-
tained on a case-by-case basis at the time an
economic study is conducted, and cost-growth
projections must be obtained in accordance with
the provisions of chapter 2.

1-5. References.

The following documents are referenced in this
manual:

Code of Federal Regulations (CFR) Title 10
(Energy) Part 436, Subpart A (10 CFR 436A)

Office of Management & Budget (OMB) Circu-
lar No. A-94, “Discount Rates to be Used in
Evaluating Time-Distributed Costs & Benefits”.

Department of Defense Construction Criteria
Manual DoD 4270.1-M.

Army Regulation AR 11-28, “Economic Analy-
sis and Program Evaluation for Resource Man-
agement”.

Environmental Protection Agency EPA Manual
430/9-78-009.
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CHAPTER 2

CRITERIA AND STANDARDS

TM 5-802-1

2-1. Introduction.
This chapter establishes criteria and standards
for conducting LCC-based economic studies as an
integral part of the design of facilities in the
MCP. These criteria and standards apply to all
Headquarters, Department of Army (HQDA) ele-
ments and all field operating activities (FOAs)
having Army construction design responsibility.
They stem from requirements of three types:

Type 1. A basic requirement established by the
Department of Defense Construction Criteria
Manual (DoD 4270.1-M) for general design appli-
cations.

Type 2. Special requirements established by
statute or by executive order for specific design
applications such as energy-saving designs and
wastewater treatment facilities.

Type 3. Special requirements established within
the appropriate DoD headquarters office for one-
time or limited application. Economic studies
undertaken in response to requirements of type 1
are to be conducted in accordance with the
provisions of paragraph 2-2 below and are re-
ferred to herein as general economic studies.
Economic studies undertaken in response to re-
quirements of types 2 and 3 are to be conducted
in accordance with the provisions of paragraphs
2-3 through 2-6 below and are referred to as
special directed economic studies. The criteria and
standards for both general and special directed
economic studies are illustrated by example in
chapters 3 to 6 and appendix A, and implementa-
tion guidelines are presented in those chapters.
Any further clarification and any additional
guidelines that may be required may be obtained
by request, through normal channels, to HQDA
(DAEN-ECE-G), WASH DC 20314-1000.

a. General economic studies
(1) Requirements. DOD 4270.1-M specifies

that economic studies be conducted routinely as
part bf the design process for all military facili-
ties and that these studies consider the LCC of
the facilities. Moreover, the provisions of DOD
4270.1-M cover the evaluation of design alterna-
tives throughout the facilities acquisition pro-
cess—from early planning stages through con-
struction—and apply to both initial-design
decisions and design-modification decisions. Con-
sequently, LCC-based economic studies are re-
quired in support of pre-design studies, value

engineering activities, and preparations for major
construction modifications, as well as in support
of concept and final design.

(2) Objectives. The overall objective of a gen-
eral economic study is to determine the relative
economic rankings of all design alternatives under
consideration. For most design features, standard
practice calls for the designer to select the
alternative that is to be implemented; in such
cases the principal specific objective of the study
is to identify the one design alternative that
promises to be most economical for the applica-
tion at hand. For those design features where
standard practice calls for the construction con-
tractor to make the selection (from a list of
approved alternatives provided by the designer),
the principal specific objective of the study is to
identify the least economical of the various design
alternatives under consideration, so that they
may be proposed for deletion from the list of
options provided in the project documents, in
accordance with normal procedures for deviations.

(3) Basic criteria and standards. Basic crite-
ria and standards for the conduct of all economic
studies by and for the Department of Army are
contained in AR 11-28, Economic Analysis and
Program Evaluation for Resource Management.
This technical manual is consistent with AR
11-28 but is limited to the design of individual
MCP facilities.

b. Special directed economic studies.
(1) Requirements and sources. The broad,

general requirements for LCC studies may be
supplemented from time to time by special
economic-study requirements of more limited
scope. Such special study requirements generally
are either higher-authority requirements or
HQDA or Office of the Secretary of Defense
(intra-DOD) requirements.

—Higher-authority requirements are those
established by higher authority than the
Department of Defense–generally by
statute or executive order and generally
for government-wide or MCP-wide appli-
cation. Requirements of this type are
currently in effect with regard to energy-
conservation efforts—general efforts re-
quired for all new Federal facilities and
special efforts to make use of solar en-
ergy and other renewable energy sources
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that are required specifically for MCP
facilities–and the design of all new
wastewater treatment facilities. These re-
quirements, which are intended for per-
manent application, are addressed in
paragraphs 2-3 to 2-5.

—DOD requirements for special economic
studies are usually intended for only
one-time or limited application. Some are
limited to a single MCP project or to
several closely related projects in the
MCP. Others are limited to the projects
in a single program year. Such require-
ments are addressed in paragraph 2-6.

   (2) Objectives. The objectives of special di-
rected economic studies generally depend on the
source.

– Studies directed by higher authority are
usually required to help insure the attain-
ment of a newly established national
goal, such as energy conservation or the
development of innovative wastewater
treatment technology.

– One-time or limited intra-DOD directed
studies may be required for various rea-
sons: to collect supporting data requested
by a congressional committee; to insure
that a certain type of study is conducted
for a particular project or project type; to
encourage consideration of a wide variety
of alternative designs for a design feature
that has been found to be a maintenance
and repair problem; to evaluate the effect
of a proposed change in criteria on the
design of a particular type of facility; and
so on.

(3) Criteria. The criteria and standards gov-
erning the conduct of special directed economic
studies are presented in paragraphs 2-3 to 2-6.

–Paragraphs 2-3 and 2-4 address the
special economic studies required by stat-
ute for energy conservation—i.e., for the
use of extraordinary energy-saving design
initiatives to conserve energy in new
Federal facilities. The focus in paragraph
2-3 is on those general efforts to con-
serve non-renewable forms of energy that
are required of all new Federal facilities.
The focus in paragraph 2-4 is on those
special efforts to utilize solar energy and
other renewable energy sources—in a pas-
sive as well as in active sense—that are
required specifically of MCP facilities.

—Paragraph 2-5 addresses special eco-
nomic studies for the application/im-

plementation of innovative/alternative
wastewater treatment technology.

—Paragraph 2-6 addresses special intra-
DOD directed economic studies.

Each type of special study–whether of higher
authority or DOD origin-is to be conducted as
described in this manual with one exception: It
will generally not be necessary to conduct a
completely new, full-scale special economic study
if the relative rankings of the various alternatives
under consideration have already been established
for similar design conditions, in accordance with
the appropriate governing criteria. In this circum-
stance, only two items will generally be required:
a simple analysis update that takes into account
all significant differences (in data, assumptions,
etc.) between the previous study and the present
study and a written record of the pertinent facts
and conclusions, supported by an appropriately
annotated copy of the documentation for the
previous study and prepared in accordance with
the provisions of paragraph 2-2d below.

2-2. General economic studies.

General economic studies are performed in re-
sponse to the requirements of DOD 4270.1-M.

a. Management considerations: Study scope
and coverage.

(1) Scope of study effort. The basic DOD
requirement for LCC-based general economic stud-
ies (para 2-la(l)) applies to all projects in the
MCP. However, the scope of the economic study
effort for each project will be determined individ-
ually, to insure the cost effectiveness of the study
effort itself.

(2) Coverage. In a few specific types of de-
sign situations, an LCCA is required regardless of
the cost-effectiveness potential of the study ef-
fort. These situations are as follows:

–Situations covered by special directives
and requirements, such as those ad-
dressed in paragraphs 2-3 to 2-6.

–Situations in which the decision among
design alternatives is heavily influenced
by factors other than long-term economy;
such factors may include strong user
preference for a particular alternative and
recommendations derived from value en-
gineering studies or other cost-reduction
initiatives.

—Situations that involve the consideration
of an innovative design-for example, a
design that is not provided for by current
criteria or one that is not normally select-
ed for the application being considered.

2-2
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In these particular situations, an LCCA will be
conducted unless the relative economic rankings
of the various alternatives under consideration
have already been established for similar design
conditions. In all other situations, LCCA coverage
will be determined primarily on the basis of cost
effectiveness. Experience has shown that an
LCCA of a design feature or facilities category
that meets one or more of the following condi-
tions is most likely to be cost effective in any
given situation:

–The feature or category is itself cost
intensive (i.e., high in LCC) relative to the
project being designed, in terms of either
initial construction/procurement costs or
continuing costs that are incurred after
the beneficial occupancy date (BOD)–
especially the latter. Post-BOD continu-
ing costs include fuel/energy, mainte-
nance, custodial, and repair costs.

–The leading design alternatives for the
feature or category are characterized by
cash flows that are fundamentally differ-
ent from each other (for example, one
alternative has high initial costs and low
post-BOD continuing costs, a second al-
ternative has low initial costs and high
post-BOD costs, and a third alternative
exhibits a cash-flow pattern intermediate
between the two).

—The feature or category is common to a
number of projects, so that the LCCA
results could be applied to several other
projects in the MCP.

Accordingly, except as noted below, the economic
study for all projects in the MCP will cover—as a
minimum-all design features and facilities cate-
gories that meet one or more of these conditions.

(3) Exceptions. An LCCA is not required for
a particular design feature if such analysis would
be responsive only to the general requirements of
DOD 4270.1-M and, in addition:

–It can be shown that the cost of the
LCCA is likely to exceed any saving that
could be achieved, even if the results of
the study proved to be clear-cut; or

–The relative economic rankings of the
various alternatives under consideration
have already been established for similar
design conditions; or

–The projected cost of studying the design
feature, when added to the cost of LC-
CAs already conducted or planned for
other design features of the same project,
would cause that total cost to exceed one

percent of the programmed amount for
the project.

b. Life cycle cost analysis. The basic underly-
ing principles and the most commonly used
techniques of LCCA for facilities design are
described in detail in a variety of readily available
publications on the subjects of engineering eco-
nomics and LCCA. The basic criteria and stan-
dards that govern the application of these princi-
ples and techniques in response to the re-
quirements of DOD 4270.1-M are presented in
the subparagraphs that follow. Subparagraphs (1)
through (6) establish the general parameters for
the LCCA: the alternatives to be included in the
analysis for any given design feature, in sub-
paragraph (l); the basic analysis approach, in (2);
the timeframe for the analysis, in (3); the time
value of money to be used, in (4); the unit of
measurement or monetary standard, in (5); and
the form in which the results of the analysis are
to be expressed, in (6). Subparagraph (7) deals
with costs and other monetary considerations,
including the treatment of inflation and cost
growth, and subparagraph (8) deals with the
project calendar and other timing considerations.
The treatment of uncertainties is presented in
subparagraph (9). Subparagraph (10) provides an
overview of the key provisions of this paragraph.

(1) Design alternatives. All design alterna-
tives that are determined to be feasible for the
application at hand—and only those alterna-
tives–will be considered in each LCCA. A design
alternative is feasible for a particular application
if it satisfies at least the minimum established
requirements for the project and for the MCP as
a whole; these include functional requirements,
technical criteria, energy-conservation criteria,
standards for environmental quality, land use,
health, safety, security, and, where applicable,
budget constraints.

(2) Analysis approach. Current and future
cash flows will be combined, compared, and
analyzed utilizing the present-worth (PW) dis-
counting approach. The “present time” to which
all costs will be discounted is the date on which
the analysis period begins-the analysis base date
(see para 2-2 b(3)(a) below).

(3) Analysis period. The analysis period is
the period of time over which the LCC for each
design alternative is to be determined. The date
on which it begins is referred to herein as the
analysis base date (ABD) or simply the base date.
The date on which it ends is referred to herein as
the analysis end date (AED).

(a) Analysis base date. The ABD will be
taken to be the date of study (DOS), the date on
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which the study is actually performed, in accord-
ance with conventional practice.

(b) Analysis end date. The AED will be
taken as the calendar date on which the projected
economic life of the facility as a whole ends.
However, because DOD envisions the economic
life of most types of facilities and major facilities
components to end on the order of 25 years after
BOD for general planning purposes, projected
values of the AED in excess of 25 years beyond
the BOD must be justified in writing and for
most types of studies must be approved by
HQDA prior to use. Prior approval will not,
however, be required for those types of studies
for which the use of actual projected economic
lives is specifically authorized by HQDA. When
the economic life of any particular facility is
projected to end less than 25 years beyond the
BOD, the analysis period used for the LCC will
be the period of time between the DOS and the
date corresponding to the actual projected value
of the economic life.

(4) Time value of money. The time value of
money that will be used in all LCCAs is 1 0
percent per year. This rate, commonly referred to
as the discount rate, is to be used with either
standard interest formulas or tables to convert
current cash flows and future cash flows to a
common base for analysis. The prescribed annual
discount rate of 10 percent should be viewed as
the minimum “real” rate of return—i.e., the net
rate of return, over and above the rate of infla-
tion—to be achieved by public sector investments.
The Office of Management and Budget, at the
recommendation of the Joint Economic Commit-
tee of the Congress, has determined that with-
drawal of investment capital from the private
sector by taxation can be justified only when the
capital is used to finance public-sector invest-
ments for which the real rate of return is at least
equal to that achievable on the average in the
private sector (estimated to be 10 percent).

(5) Monetary standard. All costs–both those
initially established in accordance with the provi-
sions of paragraph (7)(b) below and those esca-
lated to the times they are actually incurred in
accordance with the provisions of paragraph (7)(c)
below–will be expressed in terms of constant
dollars that reflect the purchasing power of the
dollar on the ABD. Accordingly, the proper unit
of measurement for all costs and other monetary
considerations, the monetary standard for the
LCCA, is constant ABD dollars.

(6) Analysis results. The results of the LCCA
will be expressed as a set of net present worths—
one for each feasible alternative. The net PW (or

net LCC) for an alternative is the difference
between the sum of the PWs of all costs that
would be incurred and the sum of the PWs of all
monetary benefits that would be derived, if that
alternative were implemented. Accordingly, the
results of the LCCA will consist of a’ set of net
PWs on the ABD, each expressed in constant
ABD dollars.

(7) Costs and other monetary considerations.
The LCCA must take into account, for each
design alternative, all the costs that would be
incurred and all the monetary benefits that would
be accrued throughout the analysis period as a
result of selecting that particular design alterna-
tive. Even costs (or benefits) that may not be
directly associated with some particular design
alternative must be included in the net cost
estimate for that alternative, so long as the costs
(or benefits) are attributable to that alternative.
For example, when an LCCA is conducted to
determine the most economical type of exterior
wall for a certain building, the costs associated
with heating and cooling the building over the
analysis period, and in many cases the original
cost of the heating-ventilating air conditioning
(HVAC) system, must be included in the net LCC
estimate for each wall type. Both the procure-
ment cost and the operating cost of the HVAC
system are attributable, at least in part, to the
type of wall selected.

(a) Types. As a general rule, relevance and
significance are the determining factors for in-
cluding particular costs or monetary benefits in
the analysis: A cost or benefit will be included if
it is relevant to the facility under design and the
design feature under analysis and its projected
magnitude is significant in comparison to other
relevant costs that are included in the LCCA. All
costs that are expected to be incurred throughout
the analysis period will at least be considered for
inclusion in the LCCA. Initial procurement costs,
energy and operating costs, and maintenance,
custodial, repair, and replacement costs will be
relevant and significant to almost all analyses.
The relevance and significance of other types of
costs (such as design and redesign costs, terminal
costs, downtime costs, and functional-use costs)
and of monetary benefits (such as salvage and
other forms of income, cost reductions, and mar-
ketable by-products) will have to be established
on a case-by-case basis. Sunk costs (costs in-
curred prior to the analysis base date) are not
relevant to LCCA results and will, therefore, not
be included in the analysis.

(b) Data sources. Construction and other
initial procurement costs will be determined in
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accordance with existing MCP cost engineering
criteria, guidance, and design practice, with two
exceptions: There will be no allowances for contin-

- gencies or for supervision and administration
(S&A) costs, and all costs will be expressed in
terms of “ABD dollars” (and not in terms of
program year or construction year dollars). Oper-
ating costs associated with fuel/energy consump-
tion will be based on the results of an energy
analysis. Other types of operating costs, main-
tenance-type costs (i.e., maintenance, custodial
care, repair, and replacement costs), and other
costs of ownership, as well as the times at which
such costs are likely to be incurred, will be
determined on the basis of the best available
information at the time the LCCA is conducted.
In many cases, the type of information required
will be difficult to obtain from an independent
and reliable source, in a form that is useful to the
designer. As a result, the best available informa-
tion obtained from any single independent source
often will be no better than a “best guess.”
Consequently, the data used in the typical LCCA
will have to be “constructed” from information
gleaned from a variety of sources. Possible
sources include the Directorate of Facilities Engi-
neering (DFE)/Directorate of Engineering and
Housing (DEH) staff, other facilities engineers,
technical consultants, colleagues and other design
professionals with previous experience in the area,
manufacturer/industry representatives and litera-
ture, handbooks, trade-journal articles, Govern-
ment publications, and technical articles, etc. The
sources most appropriate for any particular appli-
cation will have to be determined on a case-by-
case basis. Regardless of the data/information
sources actually used, all costs will be initially
estimated as if they were to be incurred on the
ABD, so that they are expressed in terms of
ABD dollars, in accordance with the provisions
above. Maintenance-type cost data that are con-
structed (rather than measured from historical
data) will be consistent with all applicable Engi-
neered Performance Standards and based on as-
sumed standards of performance, cleanliness, aes-
thetics, etc., that are the same for all alternatives
under consideration.

(c) Inflation and cost growth. The rate of
inflation of the economy as a whole will be
neglected in all LCC calculations. (The inflation
rate is irrelevant to the LCCA results, because all
cash flows are expressed in constant ABD dollars
and discounted according to a “real” rate of
return which reflects the time value of money
over and above inflation.) Accordingly, in project-
ing future costs, an allowance for cost growth will

be made only for particular costs
petted to change at rates greater
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that are ex-
than or less

than the general rate of inflation. In such a case,
the rates of cost growth used in the analysis will
be differential rates of growth-that is, the antici-
pated difference between the growth rate of each
particular cost and the general inflation rate. In
general, in the absence of reliable information to
the contrary, the differential rate of cost growth
will be assumed to be zero. In the case of fuels
and electricity, however, the differential rate of
cost growth should be that prescribed by HQDA
for general economic study applications.

(8) Project calendar and other timing consid-
erations.

(a) Project calendar. The timing of all
project events, i.e., the beginning, end, and mid-
point of construction, the BOD, the dates on
which cash flows occur, etc., will be based on the
actual calendar dates on which the events are
projected or scheduled to occur.

(b) Continuing costs. The present worth
approach to LCCA is a cash-flow approach, in
that in theory all costs are to be charged at the
time at which they are actually incurred. In
practice, the standard procedure is to accumulate
continuing costs of the same type over some
convenient period of time, and to charge all such
costs incurred during that period as a single lump
sum cost. Accordingly, all initial procurement
costs will be accumulated and charged as a single
lump sum cost, preferably at the time correspond-
ing to the midpoint of the construction/procure-
ment process. Similarly, all continuing costs of
the same type incurred after the construction/
procurement process is completed will be accumu-
lated on an annual basis, beginning at the BOD,
and charged as a series of single annual lump
sum costs, preferably at the middle of the year
(i.e., the first cost in the series charged six
months after the BOD).

(9) Uncertainties. The input data for an
LCCA are based on estimates rather than known
quantities and are, therefore, uncertain. They may
be uncertain as to the scope or quantity of things
(e.g., pounds of steel, manhours of labor), the unit
costs of things in the marketplace at the time the
costs will actually be incurred, and the timing of
cost (e.g., when a floor covering will require
replacement). The effects of uncertainties on the
results of an LCCA can be quite significant. They
may distort the results of the analysis or domi-
nate them so that one alternative may appear to
be lowest in net LCC under one set of reasonable
assumptions and highest in net LCC under an-
other equally reasonable set of assumptions. For
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these reasons, the need for uncertainty
ment will be considered as part of every

assess-
LCCA.

(a) Specific requirements. The decision as
to whether or not an uncertainty assessment is
required for any particular LCCA will depend on
a number of factors and so must be made on a
case-by-case basis. Among these factors are:
whether or not the LCCA results appear to be
clear-cut; whether or not the relative economic
rankings of the (apparently) top-ranked alterna-
tive and its nearest competitors could be affected
by the results of the assessment; whether or not
the LCCA results have to be approved by higher
Command authority prior to implementation; and
whether or not the LCCA results are likely to be
controversial (as are deviations from criteria,
changes from common practice, rejections of spe-
cial user preferences, and significantly greater
initial cost requirements that result in only mar-
ginal LCC savings). In general, an uncertainty
assessment need not be performed if either of the
following conditions applies:

–The relative economic rankings of the
(apparently) top-ranked alternative and
its nearest competitors cannot be affected
by the results of the assessment.

—The LCCA results appear to be clear-
cut—either clearly conclusive or clearly
inconclusive—in advance.

In addition, even if the LCCA results appear not
to be clear-cut-i. e., not clearly conclusive and not
clearly inconclusive (especially the latter)—an un-
certainty assessment is not considered necessary,
provided the design decision is a routine one (i.e.,
one which may be implemented locally, without
the need for higher-authority approval), and is
one that is unlikely to be controversial when
implemented.
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(b) Approaches. Of the two leading ap-
proaches to uncertainty assessment, the probabi-
listic approach is the more direct and the more
generally applicable for MCP designs, and it    
should be used whenever appropriate. Since the
rigorous probabilistic approach is too complex for
routine use, reasonable approximations to that
approach are preferred for MCP design applica-
tions. The other leading approach to uncertainty
assessment, the sensitivity y approach, may be
used in any situation in which the approach is
valid; however, in all cases in which the probabi-
listic approach and the sensitivity approach are
both valid, the probabilistic approach is to be
preferred. In those situations where neither the
probabilistic approach nor the sensitivity ap-
proach can be considered to be valid, uncertainty
assessment may be accomplished by means of
any common-sense heuristic approach—preferably
one based on either the probabilistic or the sensi-
tivity approach, or on some combination of the
two.

(10) Summary. An overview of these provi-
sions is provided in table 2-1, both for general
summary purposes and for convenience in com-
paring these provisions with the corresponding
provisions for special directed economic studies.
The key provisions are as follows:

–Standard PW discounting (10 percent per    
OMB A-94; DOS base date).

–Costs measured in constant dollars (DOS
dollars).

–Analysis period through economic life of
facility (Limit: 25 years beyond BOD).

–Real future price level changes.
–No substantive artificialities (real project

calendar; actual market prices).

Table 2-1.

Category

BASIC CONSIDERATIONS
–Time value of money basis
–Cost measurement basis

METHODOLOGY FEATURES
–Scope of costs & benefits
–Cash flows
–Common time
–Uncertainties
–Special credits/penalties
–Results

DATA & PARAMETERS
–Discount Rate
–Base Date
–Analysis period
—Inflation & cost

0 US economy

LCCA criteria overview: general economic studies for MCP designs

Provisions

Net terms
Constant dollars (base date)

Dollar quantifiable, all attributable
Conventional (mid-year accumulation of frequently recurring costs)
Base date
Assessment required when critical to economic ranking order
None
Net LCC (PW)

10% net
Date of study
Base date through economic life or 25 years from BOD (whichever is less)

growth
NA
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Category

1986

Table 2-1. LCCA criteria overview: general

Provisions
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economic studies for MCP designs—Continued

0 Energy (avg. annual A ) Per HQDA
0 Non-energy (avg. annual A ) Actual projections; 0% if uncertain

–Cost figures basis
“Energy Actual prices (base date)
“Other Actual prices (base date)

–Project calendar Actual projected timing

c. Economic ranking of alternatives.
(1) General principles. The alternative with

the lowest calculated net LCC will be ranked
most economical; the alternative with the next
lowest net LCC will be ranked second; and so on,
down to the alternative with the highest net LCC,
which will be ranked least economical. If any
alternatives are determined to have comparable
net LCCs—either because their calculated net
LCCs are essentially equal or because the uncer-
tainties associated with the analysis are found to
be sufficiently large to render apparent net LCC
differences inconclusive–then their relative rank-
ings will be based on a combination of energy-
conservation and initial procurement cost consid-
erations, as outlined below. For those situations
in which the LCCA results appear not to be clear
cut, the criteria for judging whether apparent net
LCC differences are conclusive or inconclusive—
and, hence, whether the LCCA results are conclu-
sive or inconclusive—are as follows;

—A positive net LCC difference between
two alternatives is conclusive if it can be
shown that the probability of that differ-
ence exceeding zero is no less than 0.60.

—A positive net LCC difference between
two alternatives is inconclusive if it can
be shown that the probability of that
difference exceeding zero is no greater
than 0.55.

Finally, in the absence of net LCC determina-
tions—either because an LCCA has not been
conducted or because one has been conducted, but
not in strict accordance with the criteria con-
tained herein (e.g., it was not based on the best
information available at the time) —design alterna-
tives will be given economic rankings based solely
on initial procurement cost considerations.

(2) Tie-breaking. If two design alternatives
have comparable net LCCs, and it can be demon-
strated with a high degree of confidence that one
of these alternatives satisfies any of the following
conditions, then that alternative will be assigned
the higher relative ranking:

—It will be less expensive in terms of
initial procurement costs and will con-
sume no more fuel/energy per year; or

–It will consume less fuel/energy per year
and will be no more expensive in terms of
initial procurement costs; or

—It will consume at least 15 percent less
fuel/energy per year and will not be more
than 15 percent more expensive in terms
of initial procurement costs; or

—It will be at least 15 percent less expen-
sive in terms of initial procurement costs
and will consume no more than 15 per-
cent more fuel/energy per year.

When the two alternatives are of different
fuel/energy types, quantities of fuel or energy
consumed annually will be determined in Btu
equivalents, measured at the source, in accor-
dance with standard practice within the Depart-
ment of Defense for measuring energy savings. If
none of these conditions is satisfied, then the two
alternatives will be assigned the same ranking. In
those cases when two or more of the alternatives
considered for any design feature are tied for the
highest ranking, selection will be based on the
designer’s judgement as to which of the alterna-
tives tied for the top ranking represents the best
overall choice—in terms of initial cost, energy
consumption, and life cycle cost—for the applica-
tion at hand.

d. Management considerations. Documentation
and distribution

(1) Basic requirement. A written record will
be provided for every economic study, regardless
of the size of the project and the conclusiveness
of the results. The written record will be made a
part of the design documentation and included in
the project file.

(2) Content. The specific areas covered in the
documentation will depend to a large extent on
the nature of the study—for example, the type
and scope of the project and the design feature(s)
analyzed. For this reason, the coverage will have
to be determined on a case-by-case basis. Every
written record will, however, include and high-
light the major technical and administrative les-
sons learned. The documentation should describe
in essence what was done and how it was done,
what information and data were used and their
source, and the principal findings or results. The
written record should be complete enough to
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stand alone as a project document; it should be
comprehensible to an audience that is not familiar
with either the study itself or the MCP project
for which the study was performed.

(3) Distribution. There is no general require-
ment regarding the distribution of the written
records of economic studies. Rather, the desirabil-
ity of distributing such material should be deter-
mined at the conclusion of each study. Distribu-
tion among the appropriate design professionals
within the organization-for the purpose of ex-
changing information and data—is considered to
be good professional practice and is encouraged in
all cases. Written records are likely to be of
interest or use relative to other MCP projects if
they document significant or unusual findings,
design decisions that represent changes from
common practice, deficiencies in current criteria,
significantly improved procedures, and so on.
Such records should be brought to the attention
of appropriate elements of higher authority within
the Command, including HQDA where appropri-
ate, for possible dissemination to other FOAs
and/or other appropriate Command action.

2-3. Special energy-conservation stud-
ies—non-renewable resources.

Special economic studies required by statute for
energy conservation—i.e., for the use of extraordi-
nary energy-saving design initiatives to conserve
energy in new Federal facilities— are addressed in
part below and in part in paragraph 2-4. As
indicated in paragraph 2–1 b (3) above, the focus
in this paragraph is on those general efforts to
conserve non-renewable forms of energy that are
required of all new Federal facilities.

a. Management consideration. Study scope and
coverage.

(1) Requirement. It is a statutory require-
ment that the selection of an energy-saving
design (or design feature) for any new Federal
facility be supported by the results of a special
LCC-based economic study—one conducted in ac-
cordance with standard procedures and criteria
specifically developed for this purpose under the
FEMP. The criteria and standards presented
throughout this paragraph are based on, and are
completely compatible with, the criteria and stan-
dards which have been developed for the FEMP
and (in accordance with the provisions of statute)
included in the Code of Federal Regulations
(CFR)–Title 10 (Energy), Part 436, Subpart A (10
CFR 436A). (The designations FEMP and 10 CFR
436A are used interchangeably herein.) It is
important for the analyst to realize, however, that
the nature of the FEMP material is such that it

requires periodic modifications and updating. This
is particularly true for DOE projects of fuel-and-
energy price-level changes (see paragraph 2-3b(7)
below) and the analysis base date upon which 
these projections are based (see paragraph 2-3b(3)
below) –criteria which DOE may be expected to
update as frequently as once a year (perhaps
more frequently). It is the specific FEMP criteria
in effect at the time each study is initiated (or
contracted for) that governs the conduct of that
study. Up-to-date information ‘on the DOE fuel-
and-energy price-level projections and on all other
aspects of the FEMP criteria that are current and
in effect at any given time is available by
request, through normal channels, to HQDA
(DAEN-ECE-G), WASH, DC 20314-1000.

(2) Application. The statutory requirement–
which is applicable to all energy-consuming ele-
ments of a facility, whether energized (eg., chill-
ers) or non-energized (e.g., exterior walls) -is con-
sidered to be limited to extraordinary energy-
saving design initiatives. That is, it is considered
to be applicable only to those special design
situations where one or more of the design
alternatives under consideration are being consid-
ered primarily for the extraordinary energy-saving
potential that they offer in comparison with the
more “conventional” energy-saving design alter-
natives that are already provided for by current
general-purpose DOD/DA design criteria. In other      
words, the statutory requirement is applicable to
special design situations devoted to energy con-
servation, where one (or more) of the design
alternatives under consideration in an LCCA
represents an extraordinary energy-saving design
initiative (i.e., one not provided for by current
criteria, or provided for, but only by special
criteria developed specifically for purposes of
energy conservation). On the other hand, the
special statutory requirement does not apply to
routine design-tradeoff decisions, in which the
only types of alternatives considered in the LCCA
are those provided for by current general-purpose
criteria. (In such cases, the criteria of paragraph
2-2 above govern.)

b. Life cycle cost analysis. The criteria and
standards prescribed in the FEMP for LCCAs
conducted in support of extraordinary energy-
saving design initiatives are presented in the
subparagraphs that follow. Subparagraphs (1)
through (6) establish the general parameters for
the LCCA: the alternatives to be included in the
analysis for any given design feature, in
subparagraph (1); the basic analysis approach, in
(2); the time frame for the analysis, in (3); the       
time value of money to be used, in (4); the unit of
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measurement or monetary standard, in (5); and
the form in which the results of the analysis are
to be expressed in (6). Subparagraph (7) deals
with costs and other monetary considerations,
including the treatment of inflation and cost
growth, and subparagraph (8) deals with the
project calendar and other timing considerations.
The treatment of uncertainties is presented in
subparagraph (9). Subparagraph (10) provides an
overview of the key provisions of this paragraph.
(It will be seen that these criteria and standards
are the same as those presented in paragraph
2-4b below—i.e., those for special energy-con-
servation studies that focus on the utilization of
renewable energy resources.)

(1) Design alternatives. The design alterna-
tives considered in an LCCA that is conducted in
response to— or in conformance with— statutory
requirements for energy conservation must in-
clude at least one extraordinary energy-saving
design determined to be feasible for the applica-
tion at hand and at least one feasible ‘ ‘conven-
tional” design. In the typical situation, one to
three energy-saving designs are considered, along
with one “conventional” design-generally the
“best” one, the one found to be most economical
(i.e., highest ranked), in accordance with the
provisions of paragraph 2-2 above. (Accordingly,
the “conventional” design alternative is often
referred to, and treated as, the “baseline alterna-
tive,” against which the various energy-saving
alternatives are compared.) The criteria normally
used to establish the feasibility of an alternative
for a particular design application can be found in
paragraph 2-2b(l) above. These criteria apply in
energy-conservation LCCAs as well, except that—
in the case of an extraordinary energy-saving
design initiative–feasibility generally may not be
denied either on the basis of budget constraints
(i.e., the CWE will exceed the programed amount,
if the design in question is implemented) or on
the basis of criteria limitations (i.e., the design is
not provided for by current DOD/DA criteria), or
both. Such a design, so long as it is judged to be
feasible in all other respects, may generally be
rejected only on economic grounds, in accordance
with the provisions of statute. It should be noted
that the types of energy-saving designs included
in the LCCA need not be limited to the types
addressed in this paragraph-i. e., those utilizing
non-renewable forms of energy (primarily). Should
the designer find it convenient and desirable to
do so in any particular case, one or more alterna-
tives of the types addressed in paragraph 2-4
could be included as well.

(2) Analysis
cash flows will
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approach. Current and future
be combined, compared, and

analyzed using the present-worth (PW) discount-
ing approach. The present time to which all costs
will be discounted is the date on which the
analysis period begins-the analysis base date
(see para 2-3 b(3)(a) below).

(3) Analysis period. The analysis period is
the period of time over which the LCC for each
design alternative is to be determined. The date
on which it begins is referred to herein as the
analysis base date (ABD) or simply the base date.
The date on which it ends is referred to herein as
the analysis end date (AED).

(a) Analysis base date. The date to be used
as the base date for the analysis is specified by
the FEMP criteria and is included in 10 CFR
436A. This date is, however, subject to periodic
updating, and it is the specific date prescribed for
the FEMP at the time the study is initiated (or
contracted for) that is to be used in each case as
indicated in paragraph 2-3a(1) above. (The date
specified by the FEMP criteria as the base date
for the analysis-i. e., the first day of the base
year-corresponds to the effective date of the
fuel/energy prices cited in the criteria, and so in
updated each time the FE MP-based fuel/energy
prices are updated.)

(b) Analysis end date. The analysis period
extends from the base date over a period of time
that constitutes the projected economic life of the
facility as a whole or 25 years, whichever is less.
Accordingly, the AED will follow the base date
by an amount of time equal to the economic life
of the facility or 25 years, whichever is less.

(4) Time value of money. The time value of
money will be taken as 7 percent per year. This
rate, commonly referred to as the discount rate, is
to be used with either standard interest formulas
or tables to convert current and future cash flows
to a common base for analysis. The prescribed
annual discount rate of 7 percent should be
viewed as the minimum “real” rate of return—i.e.,
the net rate of return, over and above the rate of
inflation-to be achieved by public-sector invest-
ments for energy conservation.

(5) Monetary standard. The provisions of
paragraph 2-2b(5) apply without exception.

(6) Analysis results. The provisions of para-
graph 2-2b(6) apply without exception.

(7) Costs and other monetary considerations.
The provisions of paragraph 2-2b (7) apply, with
the following exceptions:

– Data sources. In accordance with the
provision of statute, all fuel/energy costs
eventually are to be expressed in terms of
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“marginal” costs, as defined by the
FEMP criteria, rather than in terms of
actual market prices. However, until such
time as marginal costs can be defined,
developed, and published in the Federal
Register for implementation by all Fed-
eral agencies, the interim approach pre-
scribed by 10 CFR 436A will be used.
The interim approach consists of two
parts: One part prescribes that the actual
market prices be used when the average
annual costs of fuel/energy are estimated
initially, and that the market prices will
be those in effect on the base date. The
other part prescribes that a 10 percent
credit will be applied to all energy-
conservation investments, to compensate
for the fact that marginal fuel prices are
not being used. (The proper way to apply
the prescribed investment credit is to
consider the initial investment cost of
each alternative, for purposes of the anal-
ysis, to be 90 percent of the dollar cost
amount actually estimated. This approach
gives the desired effect.)

– Data sources. The nature of the FEMP-
prescribed base date is such that the date
on which the study is conducted will
nearly always occur at some time later
than the base date. In those situations
where the time between the ABD (i.e.,
the most current prescribed ABD) and
the DOS is substantial, and where—
because of this–the designer/analyst
would experience considerable difficulty
in obtaining market prices in effect on
the ABD, as required, the designer/
analyst may use DOS market prices in-
stead of ABD market prices in determin-
ing cost estimates initially (i.e., prior to
escalation and discounting). Two condi-
tions will be satisfied whenever this ap-
proximation is used, however: (1) DOS
market prices will be used as the basis
for all cost determinations in the particu-
lar LCCA, and (2) the DOS-based costs
will be treated in the analysis as if
they were in fact ABD-based costs—
i.e., as if they in fact reflected the pur-
chasing power of the dollar on the base
date.

—Inflation and cost growth. In the case of
fuels and electricity, the differential rate
of cost growth will be the rate prescribed
for the FEMP for the DOE Region in

which the project is located at the time
the study is initiated (or contracted for)
as indicated in paragraph 2-3a(1) above.
(The DOE Regions are shown in appendix        
C.) For all items other than fuels and
electricity, the differential rate of cost
growth will be assumed to be zero.

(8) Project calendar and other timing consid-
erations.

(a) Project calendar. The timing of all
project events will be measured relative to the
analysis base date (i.e., the ABD as determined in
accordance with the provisions of paragraph
2-3 b(3)(a) above). The beneficial occupancy date
(BOD) will be presumed to be the ABD for
purposes of the analysis. All events that are
projected to occur between the DOS and the
actual BOD—e.g., design and construction—will
be presumed for purposes of the analysis to have
occured on the ABD. The dates of occurrence of
all events that are projected to occur after the
actual BOD—e.g., cash flows associated with
fuel/energy and maintenance-and-repair (M&R) ac-
tions–will be presumed for purposes of the analy-
sis to be those dates on which they would have
ocurred had the BOD in fact occurred on the
prescribed base date. (For example, a cash flow
that is projected to occur 5 years after the actual
BOD will be presumed for purposes of the       
analysis to occur 5 years after the prescribed base
date.)

(b) Continuing costs. The provisions of
paragraph 2-2b(8)(b) apply, with one exception:
The series of annual lump sum costs used to
represent post-BOD continuing costs will be
charged at the end of the year. (The single lump
sum cost that represents all initial procurement
costs is charged on the base date, since the
midpoint of the construction/procurement pro-
cess—according to the provisions of paragraph   
2-3b)(8)(a) above—is to be presumed to have
occurred on the base date.)

(9) Uncertainties. Assessment of the effects
of uncertainty on the results of the analysis is
not required. However, such an assessment is
permitted by the provisions of the FEMP criteria
for uncertainties associated with the cost data
(but not those associated with cost timing), pro-
vided that the assessment is made by means of a
sensitivity analysis.

(10) Summary. An overview of the provisions
of paragraph 2–3b is provided in table 2-2, both
for general summary purposes and for conve-      
nience in comparing these provisions with the
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corresponding provisions for general economic – Real future
studies. The key provisions of paragraph 2-3b are energy only).
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price level changes (fuel/

as follows: – Several substantive artificialities (e.g.:
– Standard PW discounting (7 percent; spe- standardized project calendar; 10 percent—

cial standardized base date). investment credit/marginal fuel costs;
– Costs measured in constant dollars (base — 3 percent discount “credit”; differential-

date dollars). escalation restriction for non-energy cost
– Analysis period through economic life of elements; and uncertainty-assessment re-

facility (limit: 25 years beyond BOD). striation).

Table 2-2. LCCA criteria overview: special energy-conservation

Category Provisions

BASIC CONSIDERATIONS
–Time value of money basis Net terms
–Cost measurement basis Constant dollars (base date)

METHODOLOGY FEATURES
–Scope of costs & benefits Dollar quantifiable only

studies

–Cash flows Post-BOD: conventional (end-of-year accumulation of all costs) Pre-BOD: on base

–Common Time
—Uncertainties
–Special credits/penalties
–Results

DATA & PARAMETERS
–Discount rate
–Base date
–Analysis period
–Inflation & cost growth

0 US economy
0 Energy (avg. annual A )
0 Non-energy (avg. annual A )

–Cost figures basis
0 Energy
0 Other

—Project time parameters

date
Base date
Assessment not required; sensitivity study permitted,
10% investment credit for energy-saving designs*
Net LCC (PW)

7% net
Per HQDA
Economic life, not to exceed 25 years

NA
Per HQDA
0%

Actual prices (base date)*
Actual prices (base date)
Artificial keyed to base date

* Interim provisions—see paragraph 2-3b(7)

c. Economic ranking of alternatives.
(1) General principles. The alternative with

the lowest calculated net LCC will be ranked
most economical; the alternative with the next
lowest net LCC will be ranked second; and so on,
down to the alternative with the highest net LCC,
which will be ranked least economical. If any
alternatives are determined to have equal or very
nearly equal net LCCs, then those alternatives
will be assigned the same ranking. It is a
statutory requirement that the alternative deter-
mined to be most economical be incorporated into
the facility in all cases.

(2) Tie-breaking. There is no FEMP-pre-
scribed tie-breaking procedure for alternatives
with equal or very nearly equal net LCCs. Accord-
ingly, in those cases when two or more alterna-
tives are tied for the highest ranking, selection
will be based on the designer’s judgment as to
which of the alternatives tied for the top ranking
represents the best overall choice—in terms of

but on cost data only

initial cost as well as energy consumption—for
the application at hand.

d. Management consideration. Documentation
and distribution. The provisions of paragraph
2-2d apply without exception.

2-4. Special energy-conservation stud-
ies—renewable resources.

Special economic studies required by statute for
energy conservation—i.e., for the use of extra-
ordinary energy-saving design initiatives to con-
serve energy in new Federal facilities-are ad-
dressed in part below and in part in paragraph
2-3. As indicated in paragraph 2-lb(3) above,
the focus in this paragraph is on those special
efforts to utilize solar energy and other renewable
energy sources—in a passive as well as in active
sense—that are required specifically of MCP facil-
ities.

a. Management considerations. Study scope
and coverage.
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(1) Requirement. It is a statutory require-
ment that design initiatives based on the use of
solar energy or other renewable forms of energy
be considered for all MCP facilities where such
designs have the potential to save fossil-fuel-
derived energy. In each case, the decision to
select or reject such an energy-saving design,
whether active or passive (or hybrid) in nature,
must be based on the results of a special LCC-
based economic study–one conducted in accor-
dance with standard procedures and criteria de-
veloped for this purpose under the Federal
Energy Management Program (FEMP), except
where specifically modified for MCP applications
by the provisions of statute. The criteria and
standards presented throughout this paragraph
are based on, and are completely compatible with,
the criteria and standards which have been devel-
oped for the FEMP, and (in accordance with the
provisions of statute) included in 10 CFR 436A.
(The designations FEMP and 10 CFR 436A are
used interchangeably herein.) It is important for
the analyst to realize that the nature of the
FEMP material is such that it requires periodic
modifications and updating and to understand the
implications thereof (see paragraph 2-3a(1)
above).

(2) Application. The statutory requirement
applies to all projects in the MCP and-within
those projects—to all design features that use
significant amounts of fossil-fuel-derived energy.

b. Life cycle cost analysis. The criteria and
standards prescribed in the FEMP for LCCAs
conducted in support of extraordinary energy-
saving design initiatives were presented in para-
graph 2-3b above (and are not repeated here). In
an LCCA conducted to be responsive solely to the
special statutory requirement for energy conser-
vation in MCP facilities (i.e., energy conservation
by means of utilization of renewable resources),
the design alternatives considered must include at
least one feasible design concept that is essen-
tially based on the utilization of a renewable
energy resource, and at least one feasible design
concept that does not utilize a renewable energy
resource in any substantial way (i.e., it uses
fossil-fuel-derived energy only). The typical LCCA
considers one design of each type—(1) the
“baseline alternative,” generally the most eco-
nomical design (for the application at hand) not
utilizing a renewable energy resource, and (2) the
proposed energy-saving design, based on the utili-
zation of a renewable energy resource, which is
evaluated economically in comparison with the
“baseline.” In any particular case, the “best” of
the designs not making use of a renewable energy

resource may turn out to be a “conventional”
design, or it may turn out to be an extraordinary
energy-saving design found to rank higher eco-
nomically than any of the “conventional” design
alternatives. It is important to note that, in the
course of studying the possibilities for energy
conservation in the design of an MCP facility, the
designer need not necessarily treat the LCCA
addressed in this paragraph and the LCCA ad-
dressed in paragraph 2-3b above as separate
LCCAs. The two LCCAs may be combined into a
single LCCA—without violating any of the provi-
sions of statute—should the designer find it
convenient and desirable to do so for the particu-
lar project at hand.

c. Economic ranking of alternatives. For all
energy-conservation studies for which no special
ranking requirements over and above those
FEMP have been imposed, either by the Congress
or by any higher level of authority within the
executive branch, the economic ranking of the
alternatives in the LCCA may be determined and
reported either in absolute terms or in relative
terms, whichever is considered to be more appro-
priate or preferable for the situation at hand.
Generally, absolute rankings-those established
on the basis of the life cycle costs (and benefits)
of the individual alternatives themselves— are con-
sidered to be more appropriate and preferable for
the design-type LCCA (i.e., the tradeoff analysis,
where all the alternatives under consideration are
in competition for a single application, and only
one—the most economical one—will be selected).
Similarly, relative rankings--those established rel-
ative to some “baseline alternative, ” in terms of
the cost-and-benefit advantages (or disadvan-
tages) of each of the other alternatives in compar-
ison with the baseline alternative-are generally
considered to be more appropriate and preferable
for the investment-type LCCA (i.e., the incremen-
tal analysis, where the proposed investment op-
portunities are evaluated in comparison with a
given situation, in order to determine the eco-
nomic feasibility of each, regardless of whether
the various investment alternatives are mutually
exclusive or not). These are not hard-and-fast
rules, however, and either approach may be used
for any given application. The net LCC is the
traditional ranking measure for the absolute-
ranking approach, and it will be used whenever
the absolute-ranking approach is selected. Al-
though there are several ranking measures in
common use in conjunction with the relative-
ranking approach—e.g., the LCC savings to be
provided, the savings-to-investment ratio (SIR),
and the discounted payback period (DPP)—the
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LCC-savings measure
approach is selected.

will be used whenever this
(One or more of the other

ranking measures may be used in any particular
design situation— and will be, in all cases where
there is a specific special requirement to do so—
but the use of those measures will always be in
addition to, and not in place of, the LCC-savings
measure.) The economic ranking criteria that will
be used in conjunction with the absolute-ranking
approach are those cited in paragraph 2-3c above;
the criteria that will be used in conjunction with
the relative-ranking approach are presented be-
low. It will be seen that the provisions of the two
sets of criteria are conceptually identical-i. e.,
differences exist only in terms of the prescribed
format in which the data are to be calculated and
presented—so that the rankings of the alterna-
tives considered will always be the same, regard-
less of which approach is used. In other words,
since all four of the ranking measures addressed
above (the three types under the relative-ranking
approach—LCC savings, SIR, and DPP—and the
net LCC for the absolute-ranking approach) are
interdependent in all cases, ranking by any one of
them is tantamount to ranking by all four.

(1) Ranking measures. The basic ranking
measure for the relative-ranking approach is the
LCC-savings measure. The LCC savings–which
refers to the savings in net LCC, expressed in
PW terms, which will be achieved by the facility
in question if the proposed energy-saving design
is adopted—will be determined directly from the
results of the LCCA, by algebraically subtracting
the LCC (PW) of the proposed energy-saving
design from the LCC (PW) of the baseline alterna-
tive (i.e., the most economical design not making
use of a renewable energy resource). Other leading
ranking measures for the relative-ranking ap-
proach are the SIR and the DPP, both of which
require some additional calculations beyond those
of the LCCA. The numerator of the SIR will be
determined by algebraically subtracting the PWs
of all operating-and maintenance-type costs (in-
cluding fuel/energy costs) of the energy-saving
design from those of the baseline design. The
denominator of the SIR will be determined by
algebraically subtracting the PWs of all capital
costs (including initial investment costs, major
replacement costs, net terminal costs—i.e., demoli-
tion and disposal costs less salvage value-and so
on) that are attributable to the baseline design
from those attributable to the energy-saving de-
sign. The DPP will be determined as that period
of time (measured in years from the BOD) which,
if selected as the analysis period for the LCCA,
would result in an LCC (PW) savings of zero. The

TM 5-802-1

LCC-savings measure will be evaluated and docu-
mented whenever the relative-ranking approach is
selected for use. The SIR and/or DPP measures
will be evaluated and documented only in re-
sponse to specific requirements for such informa-
tion in certain special cases (e.g., the Congres-
sional requirement for MCP facilities, established
around 1980, that all three of the ranking mea-
sures addressed herein be evaluated and docu-
mented for all economic-feasibility LCCAs involv-
ing an active solar-energy system).

(2) General principles. The energy-saving de-
sign will be considered cost effective (in compari-
son with the baseline design) when the LCC (PW)
savings is greater than zero and not cost effective
when the LCC (PW) savings is less than zero.
When the LCC (PW) savings is equal to zero, or
very nearly equal to zero, the energy-saving
design will be considered neither cost effective
nor not cost effective. In terms of the other two
ranking measures: the energy-saving design is
cost effective when the SIR is greater than one or
when the DPP—rounded up to the next whole
number of years—is less than the analysis period
of the LCCA (i.e., the criteria-based value of the
analysis period, selected in accordance with the
provisions of paragraph 2-3b(3) above); the
energy-saving design is not cost effective when
the SIR is less than one or when the DPP is
greater than the criteria-based value of the analy-
sis period; and, when the SIR is equal to one, or
very nearly equal to one, or when the DPP is
equal to, or very nearly equal to, the criteria-
based value of the analysis period, the energy-
saving design is neither cost effective nor not
cost effective. Whenever the energy-saving design
is determined to be cost effective, it must be
incorporated into the design of the facility, or the
facility may not be built, in accordance with the
provisions of statute; conversely, when the
energy-saving design is found to be not cost
effective, it may not be incorporated into the
design of the facility. (It should be clear (a) that
the facility with the energy-saving design is more
economical than the facility without the energy
saving design (i.e., the baseline design) when the
energy-saving design is determined to be cost
effective, less economical when the energy-saving
design is determined to be not cost effective, and
as economical when the energy-saving design is
determined to be neither cost effective nor not
cost effective, and-accordingly-(b) that the gen-
eral principles cited are identical in concept to
those of paragraph 2-3c(1) above.)

(3) Tie-breaking procedure. There is no statu-
torily prescribed procedure for those cases in
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which the energy-saving design is determined to
be neither cost effective, nor not cost effective.
Accordingly, in such cases, the decision concern-
ing whether or not the energy-saving design
should be incorporated into the design of the
facility will be based on the designer’s judgment
as to the better overall choice for the particular
application at hand, all things considered (i.e., life
cycle costs, initial costs, energy consumption,
etc. )

d. Management considerations. Documentation
and distribution. The provisions paragraph 2-2d
apply without exception.

2-5. Special studies for innovative/al-
ternative wastewater treatment tech-
nology.

a. Management considerations. Study scope
and coverage. It is a statutory requirement that
all new Federal wastewater treatment facilities
make use of innovative or alternative treatment
processes and techniques (such as recycle and
reuse techniques and land treatment) unless the
LCC of the innovative/alternative treatment facil-
ity exceeds the LCC of the most cost effective
conventional facility by more than 15 percent.
The requirement is considered to apply to all new
construction of such facilities, unless a waiver is
granted according to the provisions of the stat-
ute.

b. Life cycle cost analysis. In accordance with
the provisions of statute, at least one of the
wastewater treatment concepts to be evaluated in
the LCCA should qualify as an option that uses
innovative or alternative treatment processes and
techniques. Furthermore, no such innovative/
alternative treatment facility may be rejected
from consideration (i.e., considered not feasible for
the application at hand) solely on the basis of
budget constraints. Subject to these two restric-
tions, the provisions of paragraph 2-2b apply
without exception.

c. Economic ranking of alternatives. All con-
ventional treatment concepts included in the
analysis will be ranked in accordance with the

provisions of paragraph 2-2c. If two or more
innovative/alternative treatment concepts are in-
cluded in the analysis, these will be ranked solely
on the basis of their LCCs: i.e., the in-
novative/alternative treatment concept with the    
lowest net LCC will be ranked the most economi-
cal, the concept with the next lowest net LCC will
be ranked second, and so on. Finally, the net LCC
of the top-ranked innovative/alternative treatment
works will be compared with an amount equal to
115 percent of the net LCC of the top-ranked
conventional option. If the net LCC of the in-
novative/alternative facility exceeds that amount,
then the conventional wastewater treatment op-
tion will be ranked higher and selected. If, on the
other hand, the net LCC of the innovative/alterna-
tive option is either equal to or less than that
amount, then the innovative/alternative facility
ranks higher and must be selected by law.

d. Management considerations. Documentation
and distribution. The provisions of paragraph
2-2d apply without exception.

2-6. Special intra-DOD directed eco-
nomic studies.

a. Management considerations. Study scope
and coverage. Requirements for special economic
studies are established from time to time by
HQDA, or the Office of the Secretary of Defense;
these studies have one-time or limited application       
in the MCP. Requirements that are limited to a
single project or to several closely related projects
in the MCP are transmitted by means of the
design directive for the affected projects. Those
that are limited to the projects in a single
program year are transmitted through normal
channels to all HQDA FOAs. Such requirements
may be established for a number of reasons, as
indicated in paragraph 2-1b(2). All special eco-
nomic studies required by HQDA will be con-
ducted as directed as to both scope and coverage.

b. Life cycle cost analysis, economic ranking,
and distribution. The provisions of paragraphs
2-2b through 2-2d apply to special intra-DOD
directed studies.
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CHAPTER 3

PRESENT WORTH CALCULATIONS: CONVENTIONAL APPROACH

3-1. Introduction.

Current provisions of criteria, as set forth in’
chapter 2, require that cash flows in economic
studies for MCP projects be combined and com-
pared via present worth discounting. The conven-
tional approach to the calculation of PWs is
illustrated in this chapter. This approach is uni-
versal in the sense that it provides step-by-step
procedures for computing the PW of any cost
that may be encountered. Costs are here meant to
include expenditures incurred and monetary bene-
fits received (such as income, savings, and net
salvage value). In accordance with the provisions
of chapter 2, the unit of measurement for all
costs is constant dollars as of the analysis base
date. Only costs that are expected to occur on or
after the date of the study are considered; costs
incurred prior to the date of the study are sunk
costs, which, in accordance with conventional
practice, are not included in economic studies for
MCP projects. In paragraph 3-2, the calculations
of the conventional approach are outlined and
used to find the PWs of several general types of
costs. In paragraph 3-3, the approach is used to—
apply the criteria of chapter 2 to three typical
MCP design alternatives. All simulated case his-
tories presented in this chapter were developed in
January 1982, and all utilize cost information
that generally reflects market prices and cost-
growth projections of that timeframe (see para
1-4).

3-2. Calculations.

In the conventional approach, each cost is esca-
lated and discounted in separate steps as neces-
sary to determine its present worth. With regard
to frequency of occurrence, all costs are classified
as either one-time costs or annually recurring
costs. The general calculational approaches for
the two types of costs are very similar in nature.

a. Classification of costs for calculations. The
various costs that may be incurred over the
lifetime of a construction project or design ele-
ment may be considered to be of four types with
respect to frequency of occurrence.

—One-time costs are costs that are in-
curred only once during the life of the project or
element. Examples include initial investment
costs, terminal costs (or net terminal values), and
the costs of some alterations and replacements.

–Continuous costs are costs that will be
incurred periodically throughout a given year.
Examples include the costs of fuel/energy and
operations (non-energy), some maintenance and
repair costs, and custodial costs.

–Cyclical costs are costs that are ex-
pected to be incurred several times over the life
of the project or element, but less often than once
per year. Examples include some alteration, re-
pair, and replacement costs and some mainte-
nance costs.

–Annually recurring costs are costs that
are expected to be incurred once each year during
the life of the project or element.
For the purpose of calculating its present worth,
a cyclical cost is treated as a series of one-time
costs. For example, the cost of overhauling a
certain piece of equipment every 3 years would be
treated as a one-time cost occurring 3 years after
BOD, another one-time cost occurring 6 years
after BOD, and so on. Similarly, for a continuous
cost, the amounts incurred over each 12-month
period are summed, and the sum is treated as an
annually recurring cost. For example, a semi-
annual operating cost of $1,100 is treated as an
annually recurring cost of $2,200. These two
conventions reduce the number of cost frequency
types from four to two, so that only a “two-
track” procedure is required to determine the
PWs of all costs involved in MCP projects. (It
should be noted that a series of uniformly escalat-
ing annual costs may be treated as an annually
recurring cost series, and that is how such series
are treated in this manual.)

b. Calculations for one-time costs. The
present worth (on the analysis base date) of a
one-time cost (in base date dollars) is calculated
as follows:

Step 1:

Step 2:

Step 3:

Estimate the amount of one-time
cost as of the base date, and the
time at which it will occur.
Escalate this cost to the time at
which it is actually to be in-
curred, using the differential es-
calation rate e.
Discount the escalated future
one-time cost to an equivalent
PW on the base date, using the
discount rate d.
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The examples that follow illustrate this procedure
for several typical and special cases. S u b -
paragraph (1) illustrates the typical case in which
the escalation rate is zero. Subparagraphs (2) and
(3) cover, respectively, cases in which the escala-
tion rate is positive and negative. The case
illustrated in subparagraph (4), in which a cost is
incurred on the base date, is typical of the criteria
of paragraphs 2-3 and 2-4. Finally, subparagraph
(5) illustrates the case in which the escalation rate
changes during the anaylsis period. The data and
calculations for these examples are organized on a
sample worksheet (fig 3-1 ) taken from the full
worksheet. The full worksheet in DA Form
5605-4-R (Life Cycle Cost Analysis Savings—
To–Investment Ratio (SIR) and Discounted
Payback Calculation). DA Forms 5605-R through
5605-5-R will be used for calculations of LCCAs.
These forms will be locally reproduced on 8-1/2” x
11” paper. Copies for local reproduction purposes
are located in the back of this manual. All results
are rounded to an appropriate number of signifi-
cant figures. (Use of the full worksheet is illus-
trated in para 3-3 and in chap 6.)

(1) Example: e = O. A $3,000 cost (esti-
mated as of the base date) will actually be
incurred 15 years from the base date. The cost is
not expected to escalate at a rate greater than
the general inflation rate, so the differential
escalation rate e is zero. The discount rate is 10
percent. The PW of this cost is calculated as
follows (the steps are illustrated in fig- 3-1):

Step 1:

Step 2:

Step 3:

3-2

Enter a brief description of the
cost, the number of years from
the base date to cost incurrence,
and the estimate of the cost on
the base date. Check the appro-
priate box to indicate the dollar
magnitude, or leave the boxes
blank to denote “no multiplier.”
Calculate the escalation factor as
(1 + e)”, where e is the escalation
rate expressed as a decimal, and
n is the number of years from the
base date to the time of the
expenditure; or, obtain it from
table B-3. Here, the escalation
factor is (1 + 0.00)15 or 1.0. En-
ter this factor, and then multiply
it by the cost on the base date to
establish the escalated cost at
year 15 as 1.0 x 3.0 = 3.0.
Calculate the discount factor as
1/(1 + d)” or [1/(1 + d)]”, where d
is the discount rate expressed as
a decimal; or, obtain it from table

Given the long
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B-4. There, the discount factor is
1/(1 + 0.10)15 or 0.2394. Enter
this factor, and then multiply it
be the escalated cost to obtain
the present worth (as of the base “
date) of 0.2394 x 3.0 = 0.72 or
$720.
discounting period (15 years) and

the O percent escalation rate, this result–a PW
that is about one-quarter of the original base date
cost—seems reasonable.

(2) Example: positive escalation rate. The
data for a certain cost are: base date cost =
$3,000; cost incurred 15 years after base date; e
= +3 percent; d = 10 percent. The following
steps are illustrated in figure 3-1:

Step 1: Enter input data (as in previous
example).

Step 2: (1 + e)n = (1 + 0.03)15 = 1.558
(or obtain from table B-3) 1.558
x 3.0 = 4.67

Step 3: 1/(1 + d)n = 1/(1.1)15 = 0.2394
(or obtain from table B-4) 0.2394
X 4.67 = 1.12 = $1,120

(3) Example: negative escalation rate. The
data for a certain cost are: base date cost =
$3,000; cost incurred 15 years after base date; e
= – 3 percent, d = 10 percent. The following
steps are illustrated in figure 3-1:

Step 1: Enter input data (as in previous 
examples).

Step 2: (1 + e)n = (1 - 0.03)15 = (0.97)15

= 0.633 (or obtain from table
B-3)
0.633 X 3.0 = 1.90

Step 3: 1(1 + d)n = 1/(1.1)15 = 0.2394 (or
obtain from table B-4) 0.2394 x
1.90 = 0.45 = $ 4 5 0

A negative escalation rate increases the effect of
discounting so that this result is much smaller
than the result of subparagraph (2) above.

(4) Example: cost incurred on base date is
$75,000; e = 5 percent, d = 7 percent. The
following steps are illustrated in figure 3-1:

Step 1: Enter input data (as in previous

Step

Step

The reason
estimated at
base should
between cost
O), the cost

examples).
2: (1 + e)” = (1 + 0.05) 0 = 1 . 0 0

1.00 x 75.0 = 75.0
3: 1/(1 + d)” = 1/(1.07)0 = 1.00

1.00 x 75.0 = 75.0 = $75,000
for the equality of the cost as
the base date and its PW as of the
be obvious. Since no time elapses
estimation and cost incurrence (n =
can neither escalate nor be dis-



31 December 1986 TM 5-802-1

Figure 3-1. One-time cost calculations

counted. This situation occurs in analyses per-
formed according to the criteria of paragraph 2-3
and 2-4, when initial procurement costs are
changed on the ABD (which is also presumed to
be the BOD).

(5) Example: variable escalation rate. A
cost estimated as $2,000 as of the base date will
be incurred in 10 years. For the first 6 years, this
cost is expected to escalate at 4 percent per year;
for the remaining 4 years, the cost is expected to
increase at 1 percent per year (both escalation
rates are in excess of the general inflation rate).
The discount rate is 7 percent. The PW of this
cost is calculated as follows (the calculation is
illustrated in fig 3-l):

Step 1: Enter input data (as in previous
examples).

Step 2: Calculate the overall escalation
factor as the product of two sim-

and at rate e2 for n2 years. Here,
the overall escalation factor is (1
+ 0.04)6 x (1 + 0.01)4 = 1.317.
Enter this factor, and multiply it
by the cost at the base date to
obtain 1.317 x 2.0 = 2.63 as the
escalated cost.

Step 3: Enter the discount factor 0.5083
(from table B-4) and multiply it
by the escalated cost to obtain

1.34 or $1,340 as
the PW as of the base date.

c. Calculations for annually recurring costs.
The most general form of a series of uniformly
escalating costs is shown in the cash flow dia-
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gram in figure 3-2.
base date) of such a
as follows:

Step 1:

Step 2:

Step 3:

The present worth (on the
series of costs is calculated

Estimate the amount A O of the
annually recurring cost as of the
base date, and determine the
number of costs k in the series.
Escalate AO to the time at which
the first cost in the series is to
be incurred, using the escalation Step 4:
rate e. Call this the escalated
cost, Ai.
Determine, for the date on which
A i is incurred, the single cost

Analysis First
Base Annual
Date Cost

that is equivalent to a series of k
uniformly escalation annual
costs, where the amount of the
first cost is Ai and the escalation
rate is 3. This single equivalent —

cost may be found with table
B-1 or B-2 (for d = 7 or 10 per-
cent, respectively) or calculated
with the formula given below.
Discount the single equivalent
cost from the time the first an-
nual cost is to be incurred to an
equivalent PW on the base date,
using the discount rate d.

Last
Annual
Cost

time of the first annual payment, is Ai = $4,500.
To determine the equivalent one-time cost at that
same time, the value of v is first calculated as:

v = (1 + e)/(1 + d) = (1.07)/(1.10) =
0.9727

Then:
(vk - 1)/(v - 1) = (0.972725 - 1)/(0.9727 - 1) =
( - 0.4994)/( - 0.0273) = 18.293
(This quantity is called the annual-series/one-time-
cost equivalence factor, or, simply, the annual
series equivalence factor.) Finally:

P = Ai x 18.293 = $4,500 x 18.293 =
$82,300

Thus, the series of annually recurring costs is
equivalent to (and may be replaced by) a one-time
cost of $82,300 incurred at the time of the first
annual payment. If the escalation rate and the
discount rate were equal, the one-time equivalent _
cost would be computed as:



31 December 1986

P = Aik = $4,500 x 25 = $112,500
The examples that follow illustrate the procedure
for calculating the present worth of a series of
escalating annual costs. Those in subparagraphs
(l) and (2) deal with escalation rates of zero those
in subparagraphs (3) and (4) with positive and
negative uniform escalation rates; and those in
subparagraphs (5) and (6) with variable
(nonuniform) escalation rates. The examples in
subparagraphs (l), (3), (4), and (5) are typical of
the criteria of paragraphs 2-2, 2-5, and 2-6. The
examples in subparagraphs (2) and (6) are typical
of the criteria of paragraphs 2-3 and 2-4. The
data and calculations for these examples are
organized on a sample worksheet (fig 3-3) taken
from the full worksheet. (The full worksheet is
DA Form 5605-4-R.) All results are rounded to
an appropriate number of significant figures. (Use
of the full worksheet is illustrated in para 3-3
and in chap 6.)

(1) Example: e = 0, n = 3.5. Annually
recurring cost is estimated as $5,000 (as of the
base date). The first annual cost will be incurred
3.5 years after the base date, and the series
consists of 25 annual costs. The costs are not
expected to escalate at a rate greater than the
general inflation rate (e = O). The discount rate is
10 percent. The PW of this series of costs is
calculated as follows (the steps are illustrated in
fig 3-3):

Step 1:

Step 2:

Enter a brief description of the
cost, the number of payments
(annual costs) in the series, the
years in which the first and last
payments will be incurred, and
the annual cost at the base date
(A0). Check the appropriate box
to indicate the dollar magnitude
or leave the boxes blank to indi-
cate “no multiplier.” (Note that
the last cost is incurred in n + k
- 1 years from the ABD.)
Calculate the escalation factor for
the first annual cost as (1 + e)n,
where e is the escalation rate
expressed as a decimal, and n is
the number of years from the
base date to the time of the first
payment; or, obtain it from table
B-3. Here, the escalation factor
is (1 + 0.0)3.5 = 1.00. Enter this
factor, and then multiply it by
the cost on the base date to
establish the escalated cost of 1.0
x 5.0 = 5.0 for the first payment
Ai at year 3.5.

Step 3:

Step 4:
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Calculate the annual series equiv-
alence factor as (vk - 1)/(v - 1),
or obtain it from table B-2. Here,
its value is 9.985. Enter this
value, and multiply it by the
escalated first annual cost to
obtain the escalated equivalent
one-time cost of 9.985 x 5.0 =
49.9.
Calculate the discount factor as
1/(1 + d)n, where d is the dis-
count rate expressed as a deci-
mal, and n is the time from the
base date to the first annual cost;
or obtain it from table B-4 (after
interpolation). Here, the discount
factor is 1/(1 + 0.10)3.5 = 0.7164.
Enter this factor, and multiply it
by the equivalent one-time cost
to obtain 0.7164 x 49.9 = 35.7 or
$35,700 as the present worth at
the base date of the annually
recurring cost of $5,000.

(2) Example: e = 0, n = 1. The data for a
certain cost are: base date cost = $5,000; k = 25
annual payments; d = 7 percent; e = 0; first
payment due 1 year after base date. The follow-
ing steps are illustrated in figure 3-3:

Step 1:

Step 2:

Step 3:

Step 4:

The PW (as of

Enter input data (as in previous
example).
(1 + e) n = (1 + 0.0)l = 1.0 (or
obtain from table B-3) 1.0 X 5.0
= 5.0
(1 + e)/(1 + d) = (1 + 0.0)/(1 +
0.07) = 0.9346 (vk - 1)/(v - 1)
= (0.1842 - 1)/(0.9346 - 1) =
( - 0,8158)/( - 0.0654) = 12.469 (or
obtain from table B-1) 12.469 X
5.0 = 62.3
1/(1 + d)n = 1/(1 + 0.07)1 =
0.9346 (or obtain from table B-4)
0.9346 X 62.3 = 58.2 = $58,200
the base date) of $58,200 is less

than 50 percent of the total of all 25 costs in base
date dollars (that is, less than 50 percent of
$5,000 X 25 or $125,000); this seems to be a
reasonable order of magnitude for the conditions
of the example.

(3) Example: e positive. The data for a
certain cost are: base date cost = $5,000; k = 25
annual payments; d = 10 percent; e = 2 percent;
first payment
following steps

Step 1:

due 3.5 years after ABD. The
are illustrated in figure 3-3:
Enter input data (as in previous
examples).
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Step 2: (1 + e)n = (1 + 0.02)3.5 = 1.072
[or obtain from table B-3 (after
interpolation)] 1.072 X 5.0 = 5.36

Step 3: Obtain the annual series equiva-
lence factor (for 25 payments) of
11.668 from table B-2. Then:
11.668 X 5.36 = 62.5

Step 4: Obtain the discount factor of
0.7164 from table B-4 (after in-
terpolation). Then: 0.7164 X 62.5
= 44.8 = $44,800.

(4) Example: e negative. The data for a
certain cost are: base date cost = $5,000; k = 25
annual payments; d = 10 percent; e = -2
percent; first payment due 3.5 years after ABD.
The following steps are illustrated in figure 3-3:

Step 1: Enter input data (as in previous
examples).

Step 2: (1 + e)n = (1 - 0.02)3.5 = 0.932
[or obtain from table B-3 (after
interpolation)] 0.932 X 5.0 = 4.66

Step 3: Obtain the annual series equiva-
lence factor (for 25 payments) of
8.656 from table B-2. Then:
8.656 X 4.66 = 40.3

Step 4: Obtain the discount factor of
0.7164 from table B-4 (after in-
terpolation). Then: 0.7164 X 40.3
= 28.9 = $28,900

(5) Example: variable escalation rate: two
subseries. A series of 25 annually recurring
$5,000 costs (estimated as of the base date of 1
July 1982) is expected to escalate at varying
rates, over and above the general inflation rate,
as follows:

e l = 5.28 percent (base date to 1 Jul 85)
e2 = 1.41 percent (1 Jul 85 to 1 Jul 90)
e3 = 0.63 percent (after 1 July 90)

The first annual cost will be incurred on 1
January 1986, or 3.5 years after the base date,
and the discount rate is 10 percent. The PW of
this series of costs is calculated as follows (the
steps are illustrated in figure 3–3):

Step 1: Enter the cost description and
cost information for the escalat-
ing series. In doing so, note that
the first annual cost is incurred
after the escalation rate has
changed from 5.28 percent to
1.41 percent (that is, at 3.5 years
after the base date). Note also
that after 5 years (five annual
payments) the escalation rate
changes again. The series of 25
annual payments may then be
considered as two successive

subseries. the first subseries con-
sists of five annual payments
beginning in 3.5 years after
ABD; the first payment of this
subseries is escalated for 3.0
years at 5.28 percent and for 0.5
years at 1.41 percent. Succeeding
payments in this series are esca-
lated at an additional 1.41 per-
cent. The second subseries con-
sists of 20 annual payments
beginning in 8.5 years after
ABD; the first payment of this
subseries is escalated at 5.28 per-
cent for 3.0 years after the base
date, at 1.41 percent for 5.0 years
after that, and at 0.63 percent for
0.5 years after that. Succeeding
payments are escalated at an ad-
ditional 0.63 percent. Each of
these subseries must be treated
separately, and information is en-
tered separately for each on the
worksheet.

Step 2: Calculate the escalation factor for
the first annual cost of each
subseries. For the first subseries,
the  fa c to r  i s ( 1 . 0 5 2 8 ) 3 X
(1.0141) 0.5 = 1.1751. Enter this
factor, and multiply it by the
annual cost at the base date to
obtain 1.751 X 5.0 = 5.88 as the
escalated cost of the first pay-
ment of the first subseries. For
the second subseries, the escala-
t i o n  f a c t o r  i s  ( 1 . 0 5 2 8 ) 3 X
(1.0141) 5 X (1.0063)0-5 = 1.2555.
Enter this factor, and multiply it
by the annual cost at the base
date to obtain 1.2555 X 5.0 =
6.28 as the escalated first cost
for the second subseries.

Step 3: Obtain the annual series equiva-
lence factor for each subseries.
For the first subseries, with e2 =
1.41 percent and k = 5 pay-
ments, interpolation between the
1 and 2 percent columns of table
B-2 yields a factor of 4.278. [The
formula (v k – 1)/(v - 1) yields
(0.9219 5 – 1)/(0.9219 1) =
( - 0.3341)/( - 0.0781) = 4.278 as
well.] Enter this factor, and mul-
tiply it by the escalated first cost
for the first subseries to obtain
the equivalent one-time cost (at
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Step 4:

3.5 years) of the first subseries as
4.278 X 5.88 = 25.2. With e 3 =
0.0063 and k = 20 payments,
interpolation between the O and 1
percent columns of table B-2
gives an annual series equiva-
lence factor of 9.764 and an
equivalent one-time cost (at 8.5
years) of 9.764 X 6.28 = 61.3 for
the second subseries.
Calculate the discount factors for
the two subseries as 1/(1 + d)”,
where d = 0.10, n = 3.5 for the
first subseries, and n = 8.5 for
the second subseries. Enter these
factors, and multiply each by its
related equivalent  onetime cost,
to obtain 0.7164 X 25.2 = 18.1
or $18,100 for the first subseries
and 0.4447 X 61.3 = 27.3 or
$27,300 for the second subseries.
The present worth (at the base
date) of the entire 25-year series
of annual costs is then the sum
$18,100 + 27,300 = $45,400.

(6) Example: variable escalation rate: three
subseries. A series of 25 annual $5,000 costs
(estimated as of the base date) is expected to
escalate at varying rates above the general infla-
tion rate, as follows:

e l = 5.28 percent (first 4 years after base
date)

e2 = 1.41 percent (next 5 years)
e3 = 0.63 percent (all remaining years)

The first annual cost will be incurred 1 year after
the base date, and the discount rate is 7 percent.
The PW of this series of costs is calculated as
follows (the steps are illustrated in figure 3-3):

Step 1: Enter the cost description and
cost information for the series. In
doing so, note that the timing of
the first annual payment and the
changes in the escalation rate
result in essentially three succes-
sive subseries. The first subseries
consists of three annual pay-
ments beginning at one year after
ABD; these payments are esca-
lated at 5.28 percent. The second
subseries consists of five annual
payments beginning at four years
after ABD; the first payment of
this subseries is escalated at 5,28
percent for 4 years. Succeeding
payments in this subseries are
escalated at the rate of 1.41 per-

cent per year. The third subseries
consists of the remaining 17 an-
nual payments, beginning at nine
years after ABD; the first pay-      
ment of this subseries is esca-
lated at 5.28 percent for 4 years
and 1.41 percent for 5 years, and
succeeding payments are esca-
lated at an additional 0.63 per-
cent. Each of these subseries is
entered and treated separately.

Step 2: Calculate the escalation factor for
the first payment of each subser-
ies as (1 + 0.0528)1 for the first,
(1 + 0.0528)4 for the second, and
(1 + 0.0528)4 X (1 + 0.0141)5 for
the third. Enter these factors,
and multiply each by the annual
cost at the base date (5.0) to
obtain 5.26, 6.14, and 6.59 as the
escalated first costs for the three
subseries.

Step 3: Obtain the annual series equiva-
lence factor for each subseries by
interpolation in table B-1 or with
the formula (vk – 1)/(v – 1). By
interpolation for the first subser-
ies, with e = 5.28 percent and k
= 3, the factor is 2.952; for the
second subseries, with e = 1.41 —
percent and k = 5, the factor is
4.504; for the third subseries,
with e = 0.63 percent and k =
17, the factor is 10.888. Enter
these factors, and multiply each
by its escalated first cost to ob-
tain the equivalent one-time cost
for each subseries (15.5, 27.7, and
71.8, respectively) at the time of
the first payment for the subser-
ies.

Step 4: Obtain the discount factor for
each subseries as 1/(1 + d)”,
where d = 0.07 and n is 1 for the
first subseries, 4 for the second
subseries, and 9 for the third.
Discount the equivalent one-time
costs to the base date by multi-
plying each by its discount fac-
tor. The results are 15.5 X
0.9346 = 14.5 or $14,500 for the
first subseries; 27.7 X 0.7629 =
21.1 or $21,100 for the second
subseries; and 71.8 X 0.5439 =
39.1 or $39,100 for the third
subseries. The present worth (at
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the base date) for the entire 25-
year series of costs is then the
s u m  $ 1 4 , 5 0 0  +  $ 2 1 , 1 0 0  +
$39,100 = $74,700.

3-3. Illustrative analyses.
In this paragraph, the procedures of paragraph 2
above are applied to three typical MCP design
alternatives included in an economic analysis for
the Central Administration Building at ABCDE
Ammunition Plant in Mississippi. The economic
life projected for the facility is 25 years. The
exterior closure and conventional HVAC calcula-
tions in paragraphs a and b below are typical for
the HQDA criteria of paragraphs 2-2, 2-5, and
2-6. The solar water heating system calculation
in paragraph c below is typical for the FEMP
criteria of paragraphs 2-3 and 2-4 when the
incremental analysis approach (para 2–4c) is used.
Basic input data for each alternative are given to
indicate how they enter the calculations. All
computations are shown, but they are not dis-
cussed. Instead, data and computations are pre-
sented on worksheets, as they would be in a
complete economic study.

a. Exterior closure. split face block. DA Form
5605-3-R (Life Cycle Cost Analysis-Basic Input
Data Summary) Figure 3-4 shows the basic input
data for this alternative, and DA Form 5605-4-R
(figure 3-5) shows the PW calculations.

(1) Basic input data. All cost items are
listed on the basic input data summary
worksheet, along with information that identifies
the project and the alternative. The HQDA crite-
ria of paragraph 2–2 apply here. According to
these criteria, the discount rate is 10 percent; the
analysis period begins on the DOS and extends to
the end of the projected economic life of the
facility, 25 years after BOD; and all dates are

. based on actual projections. These data are en-
tered on the input data summary worksheet. The
various available data sources are utilized to
develop estimates of the construction and M&R
costs for the split face block wall system as of
the base date. Finally, a cash flow diagram is
sketched on the worksheet DA Form 5605-3-R
(fig 3-4). The diagram indicates the timing of all
costs connected with the alternative at hand. In
particular, according to paragraph 2-2, the ABD
is taken to be the DOS (1 January 1982); initial
procurement costs are charged at the projected
midpoint of construction (1 July 1984); and M&R
costs are charged once each year over the 25 year
economic life of the facility, with the first expen-
diture occurring (on 1 July 1985) six months after
the projected BOD (on 1 Jan 85).

TM 5-802-1

(2) Present worth calculations. The sole
one-time cost is the initial investment of $55,400;
its PW is calculated using the procedure of
paragraph 3-2 b(l). The PW of the annually recur-
ring maintenance and repair cost is calculated
according to paragraph 3-2c( 1 ). The calculations
are performed and recorded—step by step—on the
worksheet in DA Form 5605-4-R (figure 3-5).
The results are summarized at the bottom of the
worksheet DA Form 5605–4-R.

b. HVAC system. conventional design. DA
Form 5605-3-R (fig. 3-6) shows the basic input
data for this alternative, and DA Form 5605-4-R
(fig. 3-7) shows the PW calculations. The com-
plete LCCA is presented in appendix A, and is
discussed in chapter 6.

(1) Basic input data. All cost items are
listed on the basic input data summary
worksheet, along with information identifying the
project and the alternative. The HQDA criteria of
paragraph 2-2 apply here; these criteria deter-
mine the discount rate and the base date, as
noted in paragraph 3-3a(1). The analysis period
begins on the DOS, and extends to the end of the
projected economic life of the facility, 25 years
after BOD. These data are entered in DA Form
5605-3-R (fig. 3-6). In accordance with prevailing
guidance at the time of the study, differential
escalation rates for electricity and fuel oil costs
are based on Department of Energy (DOE) projec-
tions for the Federal Energy Management Pro-
gram (FEMP), Commercial Sector, and are deter-
mined from tabulated values published in the
Federal Register (46 FR 22) and incorporated in
the Code of Federal Regulations 10 CFR 436A.
The rates used are those projected for DOE
Region 4, the appropriate region for a facility in
Mississippi (see app c). Cost estimates for all cost
categories/elements are developed or constructed
from the best available sources. The estimates are
entered, and a cash flow diagram is drawn on the
worksheet DA Form 5605-3-R (fig 3-6). Also
shown on the cash flow diagram are the escala-
tion “time zones,” the periods of time during
which the various escalation rates will be in
effect. Initial costs are charged at the midpoint of
construction, and annually recurring costs are
charged at the middle

(2) Present worth
the initial procurement
and central plant are
with paragraph 3-2b(l)

of each year after BOD.
calculations. The PWs of
costs for the fan system
calculated in accordance
In addition, the fans will

have to be replaced 15 years after BOD (18 years
after the base date), and a significant number of
central-plant components will require replacement
12 years after BOD. The PWs of the costs of
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these replacements are calculated
3-2b(l). Once the replacements

as in paragraph
have been in-

stalled, the system is - expected to have an eco-
nomic life that extends beyond the analysis
period; the system will, therefore, have a net
salvage value that should be included in the
analysis. The net salvage value is estimated by
assuming straight-line depreciation, and the PW
of this negative cost is computed in accordance
with paragraph 3–2b(l). The PWs of the annually
recurring maintenance and repair costs are calcu-
lated according to paragraph 3-2c(1). The PWs of
the electricity and fuel costs are calculated ac-
cording to paragraph 3-2c(5) (two subseries). The
calculations are performed and summarized as
indicated on the worksheet DA Form 5605-4-R
(fig. 3-7).

c. Domestic water heating system. solar heat-
ing. DA Form 5605-3-R (figure 3–8) shows the
basic input data for this “alternative,” which
represents the solar-energy portion only (i.e., the
solar-energy “increment”) of the domestic hot
water (DHW) system as a whole. DA Form
5605-4-R (fig. 3-9) shows the PW calculations.
The complete LCCA, which illustrates the use of
the incremental-analysis approach (per para 2-4c)
is presented in appendix A, and is discussed in
chapter 6.

(1) Basic input data All cost items are
listed on the basic input data summary
worksheet, along with information identifying the
project and the (incremental) alternative. In accor-
dance with standard practice (for the incremental-
analysis approach), all costs shown represent the
incremental costs attributable to the investment
under consideration—in this case, the solar-energy
system (i.e., the costs attributable to the DHW
system with the solar portion incorporated, less
the cost attributable to the conventional DHW
system without the solar portion incorporated).
The FEMP criteria of paragraph 2-4 apply here.
The ABD is taken to be 1 July 1981, correspond-
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ing to the FEMP-prescribed base date in effect at
the time the study was conducted. The discount
rate is 7 percent. The analysis period is 25 years,
corresponding to the projected economic life of
the facility. These data are entered in figure 3-8.
The construction midpoint and BOD fall on 1
July 1981 (the ABD). Differential escalation rates
for the cost of electricity are those which were
prescribed for the Federal Energy Management
Program at the time the study was conducted, as
indicated in paragraph 1 –4. In accordance with
prevailing guidance at the time of the study, the
rates were determined from tabulated values, for
the Commercial Sector, published in the Federal
Register. (Vol. 46, No. 222, 18 Nov 81) and
incorporated in the 1982 edition of the Code of
Federal Regulations (Title 10, Part 436, Subpart
A). The rates used are those for DOE Region 4,
the appropriate region for a facility in Mississippi
(Appendix C). Cost estimates for all categories/ele-
ments are developed or constructed from the best
available sources. The estimates, along with the
aforementioned data, are entered on the work-
sheet DA Form 5605-3-R (fig 3-8), and a cash
flow diagram is constructed. Initial investment
costs, which are reduced by 10 percent (to provide
the statutorily-required 10 percent investment
credit for energy-saving design initiatives), are
charged on the ABD, and annually recurring
costs are charged at the end of each year after
BOD.

(2) Present worth calculations. The PW of
the incremental initial investment cost (less the
10 percent investment credit) is calculated accord-
ing to the procedure described in paragraph
3-2b(l). The PW of the incremental M&R cost is
calculated by the method of paragraph 3-2c(2),
and the PW of the electricity y-cost savings by the
method of paragraph 3-2c(6) (three subseries).
The results of the PW calculations are summa-
rized at the bottom of the worksheet DA Form
5605-4-R (fig 3-9).
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CHAPTER 4

PRESENT WORTH CALCULATIONS: ONE-STEP APPROACH

4-1. Introduction.

The one-step approach to present worth calcula-
tions is an alternative to the conventional ap-
proach covered in chapter 3. Its greatest advan-
tage is simplicity. In the conventional approach,
for example, it is necessary to represent each
recurring annual fuel/energy cost series by several
subseries. Not only are separate PW calculations
required for each of these subseries (for each
fuel/energy type), but in addition the number of
payments in the cost series that; fall into each
“escalation time zone”, the date on which the
first payment in each time zone is incurred, and
the time between that date and the ABD must be
calculated. In the one-step approach, the subse-
ries representation is not required, thus eliminat-
ing the need for all these extra calculations. In
addition, the number of table lookups, interpola-
tions, and multiplications for each PW calculation
is reduced significantly in the one-step approach.
All that is required for each PW calculation-in
essence—is a single table lookup to determine a
single factor—the one-step adjustment factor
(OSAF) or simply the adjustment factor. Tables
of adjustment factors (“one-step” tables) for all of
the commonly occurring types of costs encoun-
tered in MCP applications-i. e., for one-time costs
with a zero differential escalation rate, for annu-
ally recurring costs with a zero differential escala-
tion rate, and for annually recurring energy/fuel
costs with differential escalation rates projected
by the DOE (for FEMP applications)–have been
developed, and are available by request, through
normal channels, to HQDA (DAEN-ECE-G),
WASH, DC 20314-1000. These tables will be
updated and kept current, as required (e.g., each
time the DOE develops and publishes revised
differential escalation rates for fuel and energy
prices for FEMP, and The Office of the Secretary
of Defense authorizes/directs their adoption for
DoD applications). (Sample one-step tables are
provided in this chapter, where they are used in
conjunction with the examples presented.) In any
situation that is not covered by the one-step
tables, the conventional approach of chapter 3
may be used. The scope and applications of the
one-step approach are illustrated in this chapter.
In paragraph 4-2 the approach is outlined and
used to find the PWS of some of the same general
types of costs as are covered in paragraph 3-2. In

paragraph 4-3 the approach is used to apply the
criteria of chapter 2 to the same MCP design
alternatives that are treated in paragraph 3-3.
The examples in these paragraphs point up both
the ease of application of the one-step approach
and its major disadvantage: the procedure is so
simplified that there may be a loss of sensitivity
to the significance of PW calculations and their
results. All simulated case histories presented in
this chapter were developed in January 1982, and
all utilize cost information that generally reflects
market prices and cost growth of that time frame
(see para 1-4). (It should be noted that the
uniform-present-worth (UPW) factors for M&R
costs and the modified uniform-present-worth
(UPW*) factors for fuel/energy costs provided for
in the FEMP criteria are in essence non-nor-
malized OSAFs. These are readily converted to
OSAFs by dividing them by the number of
payments in the series, or number of years in the
study period.)

4-2. Calculations.

In the one-step approach, the PW for any cost
element is obtained as the product of a nominal
total cost for that element and a tabulated
one-step adjustment factor, corrected as necessary
with a DOS correction factor. (The nominal cost,
adjustment factor, and correction factor are de-
fined below.) With regard to frequency of occur-
rence, all costs are classified as either one-time
costs or annually recurring costs. The general
calculational approaches for the two types of
costs are very similar in nature.

a. Classification of costs for calculations. As
discussed in more detail in paragraph 3-2a, the
costs related to construction projects and design
elements may be considered to be of four types
with respect to frequency of occurrence: one-time
costs, cyclical costs, annually recurring costs, and
continuous costs. By convention, in determining
present worths, a cyclical cost is treated as a
series of one-time costs; similarly, the amounts
incurred for a continuous cost are summed over
each 12-month period, and the sum is treated as
an annually recurring cost. These conventions
reduce the number of cost frequency types to
two. However, three separate sets of tables of
one-step adjustment factors are required to calcu-
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late the PWs of these two types of costs, as
follows:

–Tables for one-time costs.
–Tables for annually recurring costs

other than energy/fuel costs (e.g. M&R).
–Tables for annually recurring energy/

fuel costs.
The need for three distinct sets of tables stems
from the varying requirements of the criteria of
chapter 2. In fact, the tables are formulated for
use with specific criteria—either HQDA criteria
or FEMP criteria-and will be updated as these
criteria change. However, all the tables are used
in approximately the same way in the one-step
approach.

b. Calculations for one-time costs. T h e
present worth (on the analysis base date (ABD))
of a one-time cost (in base date dollars) is
calculated as follows:

Step 1: Estimate the amount of the one-
time cost as of the base date, and
the time at which it will occur.

Step 2: Use the appropriate adjustment
factor (from the appropriate one-
step table) to determine the PW
of the cost on the base data.

Each factor in one-step tables for one-time cost
(fig 4-1 for example) is the ratio of the actual PW
of a one-time cost at the ABD (taking into
account cost growth, if any, and the time value of
money) to the nominal value of that one-time cost
(ignoring cost growth and the time value of
money), both expressed in constant ABD dollars.
The significance of this factor is best understood
when it is viewed as a percentage of the nominal
cost. For example, a factor of 0.7513 indicates
that the actual PW of the one-time cost in
question (on the ABD) is approximately 75 per-
cent of the nominal value of that one-time cost.
Initial investment cost factors are generally high.
Later replacement cost factors are lower. Salvage-
related factors are very low. (Normally, adjust-
ment factors do not exceed 1.0 ● (100 percent)
although they can in unusual situations.) The
procedure given above simply requires that the
pertinent ratio be found in the tables and then
multiplied by the nominal cost—which here is the
cost as of the base date. The examples that follow
illustrate this procedure for typical cases. Those
in subparagraph (1) deal with one-time costs to be
incurred prior to the BOD (but after the DOS),
and those in subparagraph (2) with one-time costs
to be incurred after the BOD. These examples are
followed (in subpara (3)) by a short discussion on
the treatment of special cases not covered by the

one-step table. The data and calculations for the
examples are organized on a sample worksheet
(figure 4-2) taken from the full worksheet, and
results are rounded to an appropriate number of
significant figures. The full worksheet is DA      
Form 5605-5-R (Life Cycle Cost Analysis—
Present Worth: One-Step Approach), and use of
the full worksheet is illustrated in paragraph 4-3
and in chapter 6. DA Form 5605-5-R will be
used for present worth calculation by conven-
tional approach.

(1) Example: pre-BOD cost, e = 0. A cost
of $13,500 in 1 January 1982 dollars (or $13,000
in 1 July 1981 dollars) is expected to be incurred
on 1 January 1985, 3 years after the DOS of 1
January 1982. The BOD is projected to be 1 July
1985. The cost is not expected to escalate at a
rate greater than the general inflation rate. The
adjustment factor for this cost depends on the
applicable criteria—that is, on whether the analy-
sis is being conducted according to HQDA crite-
ria (para 2-2, 2-5, and 2–6) or FEMP criteria
(para 2-3 and 2-4).

(a) HQDA criteria and methodology. In
an analysis conducted according to HQDA crite-
ria, the ABD is taken to be 1 January 1982 (the
DOS). The PW of this cost is found as follows
(the steps are illustrated in figure 4-2):

Step 1: Enter a brief description of the
cost, the number of years from      
the base date of 1 January 1982
to cost incurrence (3), and the
$13,500 estimate of the cost at
the base date. Check the appro-
priate box to indicate the dollar
magnitude, or leave the boxes
blank to denote “no multiplier.”

Step 2: Obtain the adjustment factor
from the HQDA criteria column
of one-step table 1 (fig 4-l). The
factor for “3 years after ABD” is
0.7513. Enter this factor, and
then multiply it by the base date
cost to obtain a PW of 0.7513 x
13.5 = 10.1 or $10,100 as of the
base date.

(b) FEMP criteria and methodology. In
an analysis conducted according to FEMP crite-
ria, the ABD and BOD are taken to be 1 July
1981 (the FEMP-prescribed base date) and all
costs incurred in that timeframe (between the
ABD and the BOD) are assumed to have been
incurred on that date. The amount of the cost as
of this date is $13,000. Its PW is found as follows —
(the steps are illustrated in fig 4-2):
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Figure 4-2. One-time cost calculations.
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Step2: Obtain the adjustment factor
from the FEMP criteria column
of figure 4-1. The factor for 11.5
years is 0.4593-the factor for 11
years, 0.4571, multiplied by the
factor for 0.5 years, 0.9667, near
the bottom of the table. (Note
that straight-line interpolation in
fig 4-1, between 11 years and 12
years, gives a slightly less accu-
rate, but perfectly acceptable,
value of 0.4596.) Enter this fac-
tor, and multiply it by the base
date cost to obtain a PW of
0.4593 X 2.9 = 1.3 or $1,300 as
of the base date.

(3) One-time cost situations not covered by
the one-step table. The one-step table for one-time
costs will not provide adjustment factors for the
following cases:

– One-time cost situations in which the
differential escalation rate is positive,
negative, or variable (that is, situations
in which e # O).

– Situations in which the cost at hand is
to be incurred more than 50 years after
the analysis base date.

The conventional approach of paragraph 3-2b
may be used in all such cases. See, for example,
paragraphs 3-2b(2) and (3).

c. Calculations for annually recurring costs.
The general form of a series of uniformly escalat-
ing annual costs is shown in figure 3-2. The
present worth (on the base date) of such a series
of costs is found as follows:

Step 1:

Step 2:

Estimate the amount A0 of the
annually recurring cost as of the
base date, and determine the
number of costs k in the series.
Determine the nominal total cost
as A0k. Obtain the appropriate
adjustment factor and correction
factor from the appropriate one-
step table and determine the PW
of the series of costs by multiply-
ing the nominal total cost by
these factors.

Each adjustment factor in the one-step tables for
annually recurring costs, M&R or energy (figs
4-3, 4-4 or 4-5 for example), is a ratio of the
actual PW of a series of annually recurring costs
at the ABD (taking into account cost growth, if
any, and the time value of money) to the nominal
total cost of the series (ignoring cost growth and
the time value of money), both expressed in
constant ABD dollars. The significance of this

factor is best
percentage of
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understood when it is viewed as a
the nominal total cost. For exam-

ple, a factor of 0.4661 indicates that the actual
PW of the series of annually recurring costs is
about 47 percent of the value of the nominal total
cost of that series. The one-step adjustment
factors for annually recurring costs are tabulated
based on the assumption that the ABD corre-
sponds to the most recent FEMP-directed base
date (as prescribed in 10 CFR 436A). For all
analyses governed by the FEMP criteria (see para
2-3 and 2-4), the assumption is automatically
valid, and the tabulated factor is used directly.
For all analyses governed by the HQDA criteria,
however (see para 2-2, and 2-5), the assumption
must be considered to be invalid, since in these
types of analyses the ABD is set to correspond to
the date of the study (DOS), and the DOS
normally occurs after the FE MP-prescribed base
date. Accordingly, in these types of analyses, the
tabulated adjustment factors must be corrected—
to account for the difference in time between the
FEMP-directed base date and the DOS. Fortu-
nately, the correction is a simple one to make,
and the correction factors to be used are readily
available. In fact, each of the one-step tables for
annually recurring costs contains the correction
factor that is appropriate for the data in that
particular table. (Refer to the DOS correction
factor at the bottom of the table.) The examples
that follow illustrate the use of the one-step
approach for PW calculations for several typical
cases. Those in subparagraph (1) deal with annual
costs for which e = O (e.g., M&R costs, in
general), and those in subparagraph (2) deal with
annual fuel/energy costs, for which e values are
specifically prescribed. The data and calculations
for each example are organized on a sample
worksheet (fig 4-6), and results are rounded to an
appropriate number of significant figures. The full
worksheet is DA Form 5605-5-R, and use of the
full worksheet is illustrated in paragraph 4-3 and
in chapter 6.

(1) Example: e = 0. An annually recurring
cost which is estimated as $5,000 (in constant
ABD dollars) will be incurred each year for the
25-year projected economic life of the facility. The
cost is not expected to escalate at a rate greater
than the general inflation rate (e = O). The date
of the study (DOS) is 1 January 1982, and the
BOD is projected to be 1 January 1985. The PW
of this series of costs depends on the applicable
criteria—that is, on whether the analysis is being
conducted according to HQDA (para 2-2, 2-5,
and 2-6) or FEMP criteria (para 2-3 and 2-4).
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(a) HQDA criteria and methodology. In
an analysis conducted according to HQDA crite-
ria, the PW of the annually recurring series of
costs is calculated as follows (the steps are
illustrated in fig 4–6):.

Step 1: Enter a brief description of the
cost, the annual cost amount A0

estimated as of the base date,
and the number of annual costs k
in the series. Check the appropri-
ate box to indicate the dollar
magnitude, or leave the boxes
blank to indicate “no multiplier.”

Step 2: Compute the nominal total cost
as A0k = 5.0 X 25 = 125.0, and
enter it. Interpolate between the
1 July 1984 and 1 July 1985
columns in the HQDA section of
figure 4-3 to obtain the adjust-
ment factor for the BOD of 1
January 1985. For k = 25 pay-

ments, this factor is 0.2601 +
(1/2) (0.0260) = 0.2731; enter the
factor. Obtain the correction fac-
tor as 1.008 raised to a power
equal to the number of months
between the first day of the
FEMP base year as listed in
table 2 (here, 1 July 1981) and
the analysis base date (here, 1
January 1982). Since there are 6
months between these dates, the
correction factor is (1.008)6. Com-
pute the required PW as nominal
total cost X adjustment factor X
correction factor to obtain 125 X
0.2731 X (1.008)6 = 35.8 or
$35,800 as the PW (as of the
base date) of the series of annu-
ally recurring costs.

This PW of $35,800 is very close to the $35,700
calculated using the conventional approach in
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paragraph 3-2c(1). (The difference of $100 is due
to “rounding” of the results of calculations in the
conventional method—specifically in the calcula-
tion of the equivalent single cost.)

(b) FEMP criteria and methodology. In
an analysis conducted according to FEMP crite-
ria, the PW of the annually recurring series of
costs is obtained as follows (the steps are illus-
trated in fig 4-6):

Step 1: Enter input data (as above).
Step 2: Compute the nominal total cost

as A0k = 5.0 X 25 = 125, and
enter it. Obtain the adjustment
factor from the FEMP column of
figure 4-3. For k = 25 payments,
the adjustment factor is 0.4661;
enter this factor. (There is no
DOS correlation under the FEMP
criteria, as indicated in the ta-
bles, and the tabulated factor is
used directly.) Compute the PW
as nominal total cost X adjust-
ment factor to obtain 125 X
0.4661 = 58.3 or $58,300 as the
PW (as of the base date) for the
series of annually recurring costs.

This PW of $58,300 is very close to the $58,200
calculated using the conventional approach in
paragraph 3-2c(2). (As in para 4-2c(l)(a), the
difference is due to rounding-here again, in the
calculation of the equivalent single cost.)

(2) Example: e variable. An annually recur-
ring cost, which is estimated as $5,000 (in con-
stant ABD dollars), will be incurred each year
over the 25-year projected economic life of the
facility. This cost is expected to escalate at the
differential rates disseminated by HQDA and
incorporated into the applicable energy-cost ad-
justment factors for electricity for DOE Region 4.
The DOS is 1 July 1982, and the BOD is
projected to be 1 July 1985. The PW of this
series of costs depends on the applicable criteria
(HQDA or FEMP).

(a) HQDA criteria and methodology. In
an analysis conducted according to HQDA crite-
ria, the PW of the series of costs is calculated as
follows (the steps are illustrated in fig 4-6):

Step 1: Enter input data (as in previous
examples).

Step 2: Compute the nominal total cost
as A0k = 5.0 X 25 = 125.0, and
enter it. Obtain the adjustment
factor from the 1 July 1985 col-
umn in the HQDA sections of fig
4-4. This factor is 0.3465; enter
it on the worksheet. Obtain the

correction factor as 1.0037 raised
to a power equal to the number
of months between 1 July 1981
and the date of study, 1 July       
1982. Since the DOS follows 1
July 1981 by 12 months, the
correction factor is (1.0037)12 =
1.045; enter this factor. Compute
the required PW as nominal total
cost X adjustment factor X cor-
rection factor to obtain 125 X
0.3465 X 1.045 = 45.3 or $45,300
as the PW (as of the base date)
of the series of annually recurring
costs.

This PW of $45,300 is very close to the $45,400
found with the conventional approach in para-
graph 3-2c(5). (The slight difference is due to
separate upward rounding of the PWs, to get to
three significant figures, for each of the two
subseries calculated by the conventional ap-
proach.)

(b) FEMP criteria and methodology. In
an analysis conducted according to FEMP crite-
ria, the PW of the annually recurring series of
costs is obtained as follows (the steps are illus-
trated in fig 4-6):

Step 1: Enter input data (as in previous
examples).

Step 2: Compute the nominal total cost     
as A0k = 5.0 X 25 = 125, and
enter it. Obtain the adjustment
factor from the FEMP column of
figure 4-4. Here, the adjustment
factor is 0.5970; enter this factor.
(There is no DOS correction un-
der the FEMP criteria, as indi-
cated in the tables, and the tabu-
lated factor is used directly.)
Compute the PW as nominal to-
tal cost X adjustment factor to
obtain 125 X 0.5970 = 74.6 or
$74,600 as the PW (as of the
base date) for the series of costs.

This PW of $74,600 is very close to the $74,700
obtained with the conventional approach in para-
graph 3-2c(6). Note the comparative ease with
which it was computed. (The slight difference is
due to the use of linear interpolation in table B-2
to obtain the annual series equivalence factors in
paragraph 3-2c(6). The function tabulated, shown
beneath the tabulated data, is clearly non-linear.)

(3) Annually recurring costs. Situations not
covered by one-step tables. One-step tables for
annually recurring costs will cover those cases    
where the value of e is assumed to be zero (fig
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4-3, for example) and
value of e is assumed to

those cases where
vary as specified by

the
the

latest version of FEMP criteria (fig 4-4 and 4-5,
for example). When these values of e are not
applicable to a particular situation, PWs may be
computed using the conventional approach of
paragraph 3-2c. See, for example, paragrah
3-2c(3).

4-3. Illustrative analyses.

In this paragraph the procedures of paragraph
4-2 are applied to three typical MCP design alter-

. natives included in an economic study for the
Central Administration Building at ABCDE Am-
munition Plant in Mississippi. The economic life
projected for the facility is 25 years. The same al-
ternatives are treated using the conventional ap-
proach in paragraph 3-3, so the two approaches
can easily be compared. Since the basic input
data are the same for both approaches, the input
data worksheets of paragraph 3-3 are not re-
peated here. Only the one-step calculations are
shown, organized on worksheets as they would be
in a complete economic study. The one-step
adjustment factors presented on the worksheets
are taken from figure 4-1, figure 4-3, figure 4-4
or figure 4-5 either directly or by interpolation,
as appropriate, The PWs developed with the
one-step approach are equal for all practical

- purposes to those calculated by means of the
conventional approach (para 3-3). The minor dif-
ferences derive from rounding and interpolations
from tabulated data.

a. Exterior closure. split face block. Figure
3-4 shows the basic input data for this alterna-
tive, and DA Form 5605-5-R (fig 4-7) shows the

. one-step PW calculations.
–Basic input data. See paragraph 3-3a(1)

and figure 3-4.
, —Present worth calculations. The sole

one-time cost is the initial investment of $55,400;
its PW is found with the procedure of paragraph
4-2 b(l)(a). The PW of the annually recurring
maintenance and repair cost is calculated accord-
ing to paragraph 4-2c( 1 )(a). The pertinent data
and factors are recorded on the worksheet in
figure 4-7; the multiplications are performed; and
the results are summarized at the bottom of the
worksheet.

b. HVAC system: conventional design. Fig-
ure 3-6 shows the basic input data for this
alternative, and figure 4-8 shows the one-step

PW calculations. The complete LCCA is discussed
in chapter 6.

(1) Basic input data. See paragraph 3-3b(l)
and figure 3-6.

(2) Present worth calculations. The PWs of
the initial investment costs for the fan system
and central plant are found with the procedure of
paragraph 4-2 b(l)(a). In addition, the fans will
have to be replaced 15 years after BOD, and a
significant number of central plant components
will require replacement 12’ years after BOD. The
PWs of the costs of these replacements are calcu-
lated as explained in paragraph 4-2b(2)(a). Once
the replacements have been installed, the system
is expected to have an economic life that extends
beyond the analysis period. The system will,
therefore, have a net salvage value that should be
included in the analysis. The net salvage value is
estimated by assuming straight-line depreciation,
and the PW of this negative one-time post-BOD
cost is computed in accordance with paragraph
4-2b(2)(a). The PWs of the annually recurring
maintenance and repair costs are found as in par-
agraph 4-2c(l)(a), The PWs of the electricity and
fuel costs (the one-step adjustment factors for
distillate oil are shown in fig 4-5) are found in ac-
cordance with paragraph 4-2c(2)(a). The data and
results are recorded and summarized as shown on
the worksheet DA form 5605-5-R (fig 4-8).

c. Domestic water heating system: solar
heating. Figure 3-8 shows the basic input data
for this “alternative”, which represents the solar-
energy portion only (i.e., the solar-energy "incre-
ment") of the domestic hot water (DHW) system
as a whole. Figure 4-9 shows the PW computa-
tions. The complete LCCA, which illustrates the
use of the incremental-analysis approach (per para
2-4c) is presented in appendix A, and is discussed
in chapter 6.

(1) Basic input data. See paragraph 3-3c(1)
and figure 3-8.

(2) Present worth calculations. The PW of
the incremental initial investment cost (less the
10 percent investment credit) is found with the
procedure of paragraph 4-2b(l)(b), since FEMP
criteria (para 2-4) apply here. The PW of the
incremental M&R cost is calculated according to
paragraph 4-2c(l)(b), and the PW of the electric-
ity cost savings according to paragraph 4-2c(b).
The results of the
the bottom of the
(fig 4-9):

calculations are summarized at
worksheet DA Form 5605-5-R
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CHAPTER 5

ECONOMIC RANKING CALCULATIONS

TM 5-802-1

5-1. Introduction.

Each set of criteria in paragraphs 2-2 through
2-6 specifies a method by which economic rank-
ings are to be assigned to design alternatives.
The various ranking criteria are similar in nature
and are, for the most part, based on the net LCCs
of the alternatives. There are, however, sufficient
differences so that it is worthwhile to present, in
the paragraphs that follow, brief demonstrations
of the application of the criteria and related
calculations. With the exception of the discounted
payback period determination-which typically re-
quire two to four iterations—the calculations are
relatively simple and straightforward.

5-2. General economic studies.

Ranking criteria for general economic studies are
presented in paragraph 2-2c. Criteria for uncer-
tainty assessment are cited in paragraph 2-2b(9).
The examples described in subparagraphs a
through k below and outlined in table 5-1,
illustrate the application of these criteria to the
results of LCC calculations. All LCC figures cited
below are net LCCs—i.e., the difference between
the PWs of all costs and the PWs of all monetary
benefits.

a. Example 1, LCC results clearly conclusive.
The LCC of alternative B is 50 percent greater
than that of alternative A. The LCC results are
thus clearly conclusive, so that uncertainty as-
sessment is not required (para 2-2b(9)). Alterna-
tive A is ranked higher than alternative B on the
basis of LCC alone (para 2–2c(l)); neither initial
costs nor fuel/energy consumption enters into the
ranking procedure.

b. Example 2, LCC results clearly inconclu-
sive. The LCCs of alternatives C and D are
essentially equal. The LCC results are thus
clearly inconclusive, so that uncertainty assess-
ment is not required (para 2–2b(9)). Neither alter-
native can be ranked higher on the basis of LCC
alone, so ranking must be based on the tie-
breaking criteria of paragraph 2–2c(2). Alterna-
tive D is ranked higher because it is lower in
initial cost and will consume no more fuel/energy
than alternative C.

c. Example 3, LCC results clearly inconclu-
sive. The LCCs of alternatives E and F are
essentially equal. The LCC results are thus
clearly inconclusive, so uncertainty assessment is

not required. Ranking must be based on the
tie-breaking criteria of paragraph 2-2c(2). Alterna-
tive F is ranked higher because it will consume
less fuel/energy than alternative E and will be no
more expensive in terms of initial cost.

d. Example 4, LCC results clearly inconclu-
sive. The LCCs of alternatives G and H are
essentially equal. The LCC results are therefore
clearly inconclusive, so uncertainty assessment is
not required. Ranking must be based on the
tie-breaking criteria of paragraph 2-2c(2). Before
these criteria can be applied, the annual
fuel/energy consumption of the two alternatives
must be converted to Btu equivalents, as shown
in table 5-1. Then, alternative H is assigned the
higher ranking because it will consume at least 15
percent less fuel/energy than alternative G and
will be less than 15 percent higher in initial cost.

e. Example 5, LCC results clearly inconclu-
sive. The LCCs of alternatives I and J are
essentially equal. The LCC results are therefore
clearly inconclusive, so uncertainty assessment is
not required. Ranking must be based on the
tie-breaking criteria of paragraph 2-2c(2). Altern-
ative I is assigned the higher ranking because it
will be at least 15 percent less expensive than
alternative J in terms of initial cost and will
consume less than 15 percent more fuel/energy
per year.

f. Example 6, LCC results clearly inconclu-
sive. The LCCs of alternatives K and L are
essentially equal. The LCC results are therefore
clearly inconclusive, so uncertainty assessment is
not required. Ranking must be based on the
tie-breaking criteria of paragraph 2-2c(2). Since
none of the specific (listed) criteria of that para-
graph are satisfied, the two alternatives are
assigned the same ranking. The designer would
then select, for use in the facility, the alternative
which represents the best overall choice in his or
her judgment. Here, alternative K would most
likely be selected, owing to its lower net LCC and
annual fuel/energy consumption.

g. Example 7, LCC results not clear-cut. The
LCC results are neither clearly inconclusive nor
clearly conclusive. An uncertainty assessment’
would be required by the criteria of paragraph
2-2b(9) if the design decision were not a routine
one. However, alternative M ranks higher by the
criteria of both paragraph 2–2c(1) and paragraph
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2-2c(2), so the relative rankings of the two
alternatives cannot be affected by the results of
an uncertainty assessment. Hence, no uncertainty
assessment is needed (para 2–2b(9)), and alterna-
tive M is ranked higher.

h. Example 8, LCC results not clear-cut. The
LCC results are neither clearly inconclusive nor
clearly conclusive. Uncertainty assessment is not
required by paragraph 2-2b(9) because this is a
routine design decision (see “Notes” column in
table 5-l). In such a case, in the absence of an
uncertainty-assessment determination, alternative
O may be ranked higher on the basis of LCC
alone (para 2-2c(1)).

i. Example 9, LCC results not clear-cut. The
LCC results are neither clearly conclusive nor
clearly inconclusive. Uncertainty assessment is
required by paragraph 2-2b(9) because the design
decision is not a routine one (the choice of
alternative Q is likely to be controversial). Rela-
tive rankings then are based on the uncertainty
assessment results and the criteria of paragraph
2-2c, as follows:

(1) High uncertainty. If the uncertainty
assessment shows uncertainty in the LCC results
to be high (HI in table 5-l), the LCC results are
definitely not conclusive. The LCCs of the
alternatives are considered to be comparable, and
alternative R is ranked higher according to the
first tie-breaking criterion of paragraph 2-2c(2).

(2) Low uncertainty. If the uncertainty as-
sessment shows uncertainty to be low (LO in
table 5-l), the LCC results are definitely conclu-
sive. Alternative Q is ranked higher on the basis
of its lower net LCC (para 2–2c(1)).

(3) Medium uncertainty. If the uncertainty
assessment shows uncertainty to be in the me-
dium range (MED in table 5-l), the LCC results
are neither definitely conclusive or definitely in-
conclusive. Ranking is then left to the designer’s
judgment, based on all pertinent factors. In this
case, the designer would most likely assign the
higher ranking to alternative R, based on its
lower initial cost and annual fuel/energy consump-
tion.

j. Example 10, LCCs not determined. If an
LCCA has not been conducted, alternatives are to
be ranked solely on the basis of initial cost
considerations (para 2-2c( l)). Alternative S, with
the lower initial cost, is thus assigned the higher
ranking.

k. Example 11, LCC results not clear-cut. The
LCC results are neither clearly inconclusive nor
clearly conclusive, and the design decision is not
a routine one (headquarters approval is required).
Moreover, in contrast to the situation of

subparagraph g above, the alternative with the
lower apparent LCC would not be ranked higher
according to the tie-breaking criteria of paragraph
2-2c(2), since it has the higher initial cost and
annual fuel/energy consumption. Thus, an uncer-
tainty assessment is required by paragraph
2-2b(9). Since the required uncertainty assess-
ment was not performed, the LCCA was not
conducted in strict accordance with paragraph
2-2, and rankings must be assigned solely on the
basis of initial cost considerations (para 2-2c(1)).
Accordingly, alternative V is assigned the higher
ranking, based on its lower initial cost.

5-3. Special energy-conservation stud-
ies: non-renewable resources.

The ranking criterion for these studies is given in
paragraph 2-3c. Ranking is based strictly on net
LCC: The alternative with the lowest net LCC is
assigned the highest economic ranking, and so on
down to the alternative with the greatest net
LCC, which is assigned the lowest ranking. If two
alternatives have equal or nearly equal net LCCs,
they are assigned the same ranking. In a case in
which two or more alternatives are tied for the
highest ranking, selection should be based on
designer’s judgment as to which of these
alternatives is the best overall choice for the
application at hand. Accordingly, in the situation
in which alternative A is the most economical of      
the feasible conventional alternatives, and in
which

Net LCC of conventional alternative A =
96.5 X 103 (in ABD $)

Net LCC of energy-saving alternative B =
110 x 103

Net LCC of energy-saving alternative C = 97
x 103,
alternatives A and C, which have nearly equal
LCCs, would be tied for the highest rank. Alter-
native B would be ranked lowest. The designer
would select either alternative A or alternative C
based on his or her judgment as to which is the
best overall choice for the application-in terms
of initial cost as well as energy consumption.

5-4. Special energy-conservation stud-
ies: renewable resources.

The ranking criteria for these studies are given in
paragraph 2-4c. In the absence of special ranking
requirements beyond those of the FEMP, the
economic rankings of alternatives in the LCCA
may be determined and reported in either abso-
lute terms or relative terms. The prescribed
measure for determining rankings in absolute
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costs required for the energy-saving design repre-
sent an investment, which will yield a return in
terms of cost avoidance for energy consumption.

a. Net LCC savings. The net LCC savings is
equal to the net LCC of the baseline alternative
less the net LCC of the proposed energy-saving
design (ESD).

(1) Example: positive net LCC savings. If
the net LCC savings is positive, then the ESD is
considered to be cost effective. Accordingly, in
the situation in which

Net LCC of base- $280.0 X 103

 line system = (in ABD $)
Net LCC of

ESD = $258.4 X 103

Net LCC
savings = $ 21.6 X 103

the ESD is cost effective and must be incorpo-
rated in the facility.

(2) Example: negative net LCC savings. If
the net LCC savings is negative, then the ESD is
considered to be not cost effective. In the situa-
tion in which

Net LCC of base- $280.0 X 103

line system = (in ABD $)
Net LCC of

ESD = $298.0 X 103

Net LCC
savings = -$18.0 X 103

the ESD is not cost effective and may not be
incorporated in the facility.

(3) Example: net LCC savings at or very
near zero. If the net LCC savings is equal to zero,
or very nearly equal to zero, then the ESD is to
be considered neither cost effective nor not cost
effective. Accordingly, in the situation in which

Net LCC of base- $280.0 X 103

line system = (in ABD $)
Net LCC of

the ESD
effective.

ESD = $279.8 X 103

Net LCC
savings = $ 0.2 x 10 3

is neither cost effective nor not cost
In this situation the designer should

decide whether or not to incorporate the ESD in
the facility, based on his or her judgment as to
the better overall choice for the application at
hand.

b. Savings-to-investment ratio.
(1) Calculation and application. The SIR is

computed from the PWs of the costs attributable
to the ESD and the baseline alternative, as
follows:

5-4

Step 1:

Step 2:

Step 3:
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Determine the PW of the net
savings due to the ESD. To do
so, algebraically subtract the
PWs of all operating and mainte-
nance type costs for the ESD
from those for the baseline alter-
native.
Determine the extra investment
required for the ESD. To do so,
algebraically subtract the PWs of
all investment, replacement, net
salvage, and other capital costs
for the baseline alternative from
those for the ESD.
Form the ratio of the result of
step 1 to the result of step 2.
This ratio is the SIR.

As indicated previously, the SIR and net-LCC-
savings ranking measures are not independent.
The SIR will be greater than 1.0 whenever the
net LCC savings is positive, less than 1.0 when-
ever the net LCC savings is negative, and exactly
equal to 1.0 whenever the net LCC savings is
exactly equal to zero. Accordingly, the energy-
saving design will be cost-effective whenever the
SIR is clearly greater than 1.0, not cost-effective
whenever the SIR is clearly less than 1.0, and
neither cost-effective nor not-cost-effective when-
ever the SIR is equal to—or very nearly equal      
to–l.0.

(2) Example: SIR calculation. The compu-
tations are organized on a sample worksheet and
results are rounded to an appropriate number of
significant figures. The full worksheet is DA
Form 5605-1-R, (Life Cycle Cost Analysis’
Savings-To-Investment Ratio (SIR) and Dis-
counted Payback Calculation). It is assumed that
the PWs of all the costs related to the conven-
tional alternative and to the ESD have been
computed in accordance with the provisions of
paragraph 2-4b by the techniques illustrated in
chapters 3 and/or 4), and that the results are
available. (This is the usual case.) The SIR is
calculated from these PWs as follows (the steps
are illustrated in fig 5-1):

Step 1: Enter the PWs of all operating
and maintenance costs, including
fuel/energy costs, for the baseline
system, and find their total.
Here, this total is 199.5. Do the
same for the investment system
(the ESD); the total for this sys-
tem is 152.9. Subtract the invest-
ment-system total from the base-     
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Step 2:

line-system total to obtain the
PW savings of 199.5 – 152.9 =
46.6. Enter that figure.
Enter the PWs of all capital

TM 5-802-1

the investment-system total to
obtain the extra PW investment
as 105.5 - 80.5 = 25.0. Enter
that figure.

costs (including initial, replace- Step 3:
ment, and terminal costs) for the
baseline system, and find their
total; here, the total is 80.5. Do

Divide the net savings by the ex-
tra investment to obtain 46.6/
25.0 = 1.9 as the SIR for the in-
vestment system (ESD).

the same for the investment sys- Because this SIR is clearly greater than 1.0, the
tern; that total is 105.5. Subtract investment is considered cost effective, and the
the baseline-system total from ESD must be incorporated in the facility.

Step 1

Step 2

Step 3

c. Discounted payback period. The discounted DPP is the number of
payback period is the number of years required to BOD, which, if used as
recoup an investment through the net savings it LCCA, would result in
provides, with the time value of money and cost
escalation (if any) taken into account. For eco-
nomic studies involving energy-saving designs
(e.g., solar), paragraph 2-4c defines the DPP as
that period of time, measured in years from the
BOD, which, if used as the analysis period for the
LCCA, would result in a net PW savings of zero.
An equivalent definition is the following The

years, measured from the
the analysis period for the
an SIR of 1.0. The DPP

calculation procedure outlined below is based on
this latter definition. It is an iterative (trial-and-
error) procedure in which a trial analysis period is
first computed, and then a SIR is computed for
that trial period. If the SIR is not equal to 1.0, a
new trial analysis period is computed (based on
the previous results) and a new SIR is found.
This process is repeated until a SIR of 1.0 is
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obtained. Normally, no more than about two to
four iterations are required. In these calculations,
net salvage values (or terminal values) which arise
due to the variation of the trial analysis period
are usually ignored. However, if their magnitude
is expected to be large enough to alter the results
of the computation, they must be taken into
account. Net salvage values are usually approxi-
mated for this purpose based on an assumption of
straight-line depreciation.

(1) Calculation and application. The DPP
for an energy-saving investment is calculated as
follows:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Compute the SIR for the energy-
saving design (ESD) by the
method of paragraph 5-4b, using
an analysis period selected in ac-
cordance with the provisions of
paragraph 2-3b(3).
Use the SIR computed in step 1
and the corresponding analysis
period (i.e., the criteria-based
analysis period) to compute a
trial analysis period n, in years
(for which it is hoped that the
SIR will equal 1.0).
Compute the SIR as in Step 1,
using an analysis period equal to
the trial analysis period n com-
puted in step 2.
If the SIR resulting from step 3
is equal to, or very nearly equal
to 1.0, stop. The trial analysis
period n is the DPP. If not, use
the result of step 3 to compute a
new trial’ n.
Repeat steps 3 and 4 until a
particular trial value n results in
a SIR that is equal to, or very
nearly equal to 1.0. The DPP is
that particular trial value n.

As indicated previously, the DPP and the net-
LCC-savings ranking measures are not indepen-
dent. The DPP will be less than the criteria-based
analysis period whenever the net LCC savings is
positive,. greater than the criteria-based analysis
period whenever the net LCC savings is negative,
and exactly equal to the criteria-based analysis
period whenever the net LCC savings is exactly
equal to zero. Accordingly, the energy-saving de-
sign will be cost-effective whenever the DPP is
clearly less than the criteria-based analysis peri-
od, not cost-effective whenever the DPP is clearly
greater than the criteria-based analysis period,
and neither cost-effective nor not-cost-effective

5-6
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whenever the DPP is equal to—or very nearly
equal to—the criteria-based analysis period.

(2) Example: DPP calculation. The compu-
tations are organized on a sample worksheet and
results are rounded to an appropriate number of
significant figures. The full worksheet is DA
Form 5605-1-R. It is assumed here that the PWs
of all costs have been computed in accordance
with the provisions of paragraph 2-4b (by the
techniques illustrated in chap 3 or 4), and that
the results are available. (This is the usual case.)
The DPP is computed as follows (the steps are
illustrated in DA Form 5605-1-R fig 5-2):

Step 1:

Step 2:

Step 3:

The SIR for this ‘example was
computed in paragraph 5-4b(2).
The computation is shown on the
SIR-DPP worksheet DA Form
5605-1-R (fig 5-2).
(The first trial value n is com-
puted directly below the SIR cal-
culation. For this first computa-
tion, both the last trial value n
and the last SIR are assumed to
be zero. “This n“ is the analysis
period selected in accordance
with the provisions of criteria—
here, 25 years.) Follow the steps
listed on the worksheet to com-
pute the first trial value n, as
follows: ---

A = this SIR - 1.0 = 1.9 - 1.0
= 0 . 9

B = this SIR – last SIR = 1.9
- 0  = 1 . 9

C = ratio of A to B = 0.9/1.9 =
0.47

D = last n - this n= 0 - 25=
– 25

E = product of C and D = 0.47
x ( - 2 5 ) =  – 1 1 . 8

F = next n = this n+E = 25
+(-11.8) = 13.2

Round this result to 13 for use as
the next trial n; enter n = 13 at
the top of the first DPP column
in the right-hand block.
(first iteration): Compute a SIR
based on PW data computed over
a trial analysis period of 13 years
(instead of the original criteria-
based value of 25 years). New
PWs must be found for operating
and maintenance costs; PWs of
initial costs do not change; only
replacement costs that are ex-       
petted to occur within the first
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Discounted Payback Calculation

13 years after BOD are included;
it is assumed that PWs of termi-
nal costs will not affect the re-
sults and so they are ignored.
The result is a SIR of 1.3.
(first iteration): Since the SIR is
not close to 1.0, compute a new
trial value for n using

This SIR = 1.3
Last SIR = 1.9
This n = 13
Last n = 25
The result is a trial value n of 7.
Enter this value at the top of a
new DPP column in the right-
hand block.

Step 4:

5 - 7
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Step 3:

Step 4:

Step 5:

Since this DPP

(second iteration): Compute a
SIR based on PW data computed
over a trial analysis period of 7
years. Again new PWs must be
found for operating and mainte-
nance costs, but other PWs do
not change from step 3 (first
iteration). The result is a SIR of
0.7.
(second iteration): Again the SIR
is not sufficiently close to 1.0.
Compute a new trial value for n
with
This SIR = 0.7
Last SIR = 1.3
This n = 7
Last n = 13
The result is a trial value n of 10.
Enter this value at the top of a
new column.
(third iteration): Compute a SIR
based on PW data computed over
a trial analysis period of 10
years. As in the second iteration,
new PWs must be found for the
operating and maintenance costs.
The result is 1.0; accordingly, the
discounted payback period is
taken as 10 years-the value of n
that results in a SIR of 1.0.
is clearly less than 25 years, the

criteria-based value of the analysis period, the
ESD is considered cost effective and must be
implemented.

5-5. Special studies for innovative/al-
ternative wastewater treatment tech-
nology.

The ranking criterion for these studies is given in
paragraph 2-5c. Ranking is based solely on net
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LCC: The net LCC of the highest-ranked in-
novative/alternative facility is compared to 115
percent of the net LCC of the highest-ranked
conventional facility. If the former is equal to or
less than the latter, the innovative/alternative
facility is ranked higher and must be selected. If
two or more conventional alternatives are in-
cluded in the analysis, they must be ranked
according to the provisions of paragraph 2-2c. If
two or more innovative/alternative facilities are
included, they must be ranked solely according to
their LCCs: The alternative with the lowest net
LCC is assigned the highest economic ranking. In
the situation in which

Net LCC of alternative A (conventional) =
33.8 X 106 (in ABD $)

Net LCC of alternative B (conventional) =
21.2 x 106

Net LCC of alternative C (innovative) =
23.9 X 106

Net LCC of alternative D (innovative) =
30.1 x 106

alternative B would be ranked the higher of the
conventional alternatives according to paragraph
2-2c. Alternative C would be ranked the higher of
the innovative alternatives on the basis of net
LCCs. Then, since

1.15 X net LCC of alternative B = 24.4
x 106 (in ABD $)

Net LCC of alternative C = 23.9 X        
106

the innovative alternative C would be ranked
highest and implemented.

5-6. Special intra-DOD directed eco-
nomic studies.

The ranking criteria set forth in paragraph 2-2c
and illustrated in paragraph 5-2 apply to these
studies, unless otherwise in the directive authoriz-
ing the study effort.

5-8
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CHAPTER 6

SAMPLE APPLICATIONS: THE INDIVIDUAL LCCA

6-1. Introduction.
This chapter and Appendix A provide illustrative
material on how to conduct and document eco-
nomic studies for MCP designs, with emphasis on
the individual LCCA. Five LCCAs are presented.
The five were selected in part to cover the
implementation of the four sets of criteria pre-
sented in chapter 2, and in part to provide
guidelines for properly applying those criteria to
the three principal types of design features/ele-
ments encountered by the MCP designer-i. e.,
mutually exclusive energy consuming elements
(such as alternative HVAC systems), mutually
exclusive non-energy-consuming elements (such as
alternative pavement designs), and non-mutually-
exclusive “add-on” type elements (such as solar-
energy systems). Analyses conducted in accor-
dance with the criteria for general economic
studies (para 2-2) are presented in paragraphs
6-2 and 6-3–the first one for a non-energy-
consuming design feature, and the second for an
energy-consuming one. Paragraphs 6-4 and 6-5
contain analyses conducted in accordance with
the criteria for special energy-conservations stud-
ies (para 2–3 and 2–4, dealing with non-renewable
resources and renewable resources, respectively).
An analysis conducted in accordance with the
criteria for special studies for innovative/alterna-
tive wastewater treatment technology (para 2-5)
is presented in paragraph 6.

a. Cost data. All simulated case histories pre-
sented in this chapter were developed in January
1982, and all utilize cost information that gener-
ally reflects market prices and cost-growth projec-
tions of that timeframe (see para 1-4).

b. Present worth calculations. In this manual, a
separate PW calculation is made (and shown) for
each alternative included in the LCCA. In actual
practice, however, it will occasionally be much
simpler to make the PW calculations only once,
for all the alternatives in the LCCA. When this
approach is used, a unit cost is assumed for each
of the cost types in the LCCA (e.g., initial costs,
annual M&R costs, annual electricity cost, annual
natural gas cost, twelfth-year replacement cost,
etc.), and the PW’s corresponding to these costs
are calculated. For any given cost type, the actual
PW for any of the alternatives is simply the
product of the magnitude of that particular cost
for the alternative of interest and the PW deter-

mined from the unit cost calculations. The unit-
cost approach is generally used in LCCAs with a
number of alternatives (three or four or more), as
in the LCCAs in paragraph 6-4 and 6-6, or in
the typical LCCA conducted in support of a
solar-sizing design study.

c. Documentation.
(1) For LCCAs in general. The principal com-

ponents of the typical LCCA documentation are:
– Cover sheet (title page)
– Contents page
– Summary of LCCA results
– Data and calculation sheets for each

alternative
● Input data summary sheets
● PW calculation sheets
● Backup sheets

Backup sheets, which normally comprise the bulk
of the documentation, are basically of the follow-
ing three types:

– Sheets copied from published documents
(which may or may not be included in the
official design analysis documentation for
the MCP project)—for example, the Envi-
ronmental Protection Agency Manual
430/9-78-009, which served as the major
source of data for the wastewater treat-
ment facility LCCA (para 6-6).

– Sheets generated for the official design
analysis documentation and included
therein.

– Sheets generated specifically in support of
the LCCA—for example, BLAST computer-
run summary sheets, showing energy con-.
sumption for the HVAC alternatives stud-
ied in paragraphs 6-3 and 6-4.

Backup sheets of the third type cited above
normally are included directly in the documenta-
tion for the LCCA. Backup sheets of the first two
types cited above, on the other hand, normally
are included in the documentation by reference
only (usually on the basis input data summary
sheet).

(2) For LCCAs in this manual. The documen-
tation for the LCCAs presented in this chapter
can be found in appendix A. That documentation
consists, for each LCCA, of the input data
summary sheet and the PW calculation sheet for
each alternative, followed by the summary sheet
for the LCCA as a whole. (The other principal

6-1
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components of the typical LCCA documentation
cited above are not presented in appendix A
because of practical considerations.)

6-2. Roadway/parking surface.

This LCCA is part of the economic study for a
FY 84 project, involving the construction of a
reserve training building in the Tidewater area of
Virginia. The building is needed to provide train-
ing facilities for a 200-member reserve unit, and is
estimated to cost $3,500,000. The LCCA for the
roadway/parking surface provides a simple illus-
tration of the use of the one-step PW calculation
approach in applying the general economic study
criteria of paragraph 2-2 to two mutually exclu-
sive non-energy-consuming alternatives. In addi-
tion, it serves as an example of one type of LCCA
that is likely to prove to be cost-effective, in that
the study results may prove to be applicable to a
number of different projects in the MCP (see para
2-2a(2)).

a Input data. The basic input data summary
sheets for the two alternatives (see appendix A)
reflect the fact that this LCCA is conducted in
accordance with the provisions for general eco-
nomic studies (HQDA criteria). Thus, the dis-
count rate is 10 percent; the ABD is the actual
date on which the study is performed (the DOS);
and the midpoint of construction and the BOD
are taken as the actual projected dates for these
events. The 25-year projected life of the roadway
determines the analysis period and the analysis
end date—25 years after the BOD. All costs
associated with each alternative are estimated as
of the DOS and listed on the input data summary
sheet for that alternative, along with the actual
dates on which they will be incurred (based on the
actual BOD) and the sources of the cost data.
The costs and the times when they are incurred
are depicted graphically on a cash flow diagram.
According to the criteria for general economic
studies, the initial procurement/construction cost
is charged at the midpoint of construction. The
M&R costs for each year are accumulated as a
single annual lump sum and charged at the
mid-point of the year in which they are incurred
the first such cost is thus charged one-half year
after BOD, on 1 January 1985.

b. Computations. The PW calculations (using
the -one-step approach) are shown on the PW
worksheets for the two alternatives (app A).

c. Summary. The results of the LCCA are
summarized on the summary worksheet (app A).
The results do not appear to be clearcut-i.e.,
they are neither clearly conclusive nor clearly
inconclusive. In spite of this, an uncer ta in ty

assessment is not required, since the relative
economic ranking of the two alternatives cannot
be affected by the results of the assessment (para
2-2b(9))—i.e., alternative A gets the higher rank- –
ing in any case, either by the provisions of
paragraph 2-2c(1) or 2-2c(2), whichever would
turn out to be appropriate (if an uncertainty
assessment were made). Accordingly, the designer
elected alternative A for implementation.

6-3. HVAC system: conventional de-
sign.

This LCCA is part of the economic study for a
FY 84 project–the Central Administration Build-
ing at the ABCDE Ammunition Plant, located in
Mississippi. The building will contain approxi-
mately 70,000 square feet, and is expected to cost
approximately $70 per square foot to construct.
Occupancy is projected for January 1985. The
LCCA illustrates the use of the conventional PW
calculation approach in applying the general-
economic-study criteria for paragraph 2-2 to two
mutually exclusive energy-consuming alternatives.
It also illustrates the use of the artificial net
salvage value (in a sense, a “retention value” or
“residual value”) in those cases where the alterna-
tives have different economic lives and the eco-
nomic life of the facility (or 25 years) is not an
exact multiple of those economic lives. This     
LCCA represents the first step in the design of
an energy-consuming element of a facility, utiliz-
ing criteria and procedures no different from
those used in the design of a non-energy-
consuming element. At this early design stage,
the designer is primarily interested in identifying
the best conventional design for the application
at hand, without giving any consideration to
extraordinary energy-saving design initiatives.
Accordingly, the LCCA is governed by the provi-
sions of paragraph 2-2 (as was the LCCA illust-
rated in para 6-2). Once the best conventional
design is determined (for that particular design
element and for all other key elements of the
building), a baseline design is established, against
which the potential cost effectiveness of various
extraordinary energy-saving design initiatives
may be measured. Typical LCCAs for energy-
conservation applications are addressed in para-
graphs 6-4 and 6-5.

a. Input data. Input data are determined and
entered on the data summary sheets (app A). The
facility life is projected to be well in excess of 25
years; however, the analysis period is taken to
extend only 25 years beyond the BOD, in accor-
dance with the provisions of paragraph 2-2b(3)(b).       
All costs associated with each alternative are
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estimated and listed on the data summary sheet
for that alternative, along with the times they
will be incurred, and the sources of cost data. The
net salvage value calculated for each alternative
is listed as a negative cost to be incurred on the
analysis end date. All costs are shown on the
cash flow diagram for each alternative.

 b. Computations. The net PWs for the two
alternatives are here computed by the conven-
tional approach (for no reason other than to
provide an illustration of that approach). Initial
procurement costs are charged at the midpoint of
construction, which here is 2.5 years after the
DOS and hence after the ABD. Other one-time
costs are charged at the times they are expected
to be incurred. Annual costs are charged at the
middle of each year; the first such cost is incurred
one-half year after the BOD, which is 3.5 years
after the DOS/ABD. The PW of each cost is
computed, and the net LCC for each alternative is
obtained as shown on the PW worksheets (app
A). The annual series equivalence factors were
determined from table B-2. (Linear interpolation
was used to interpolate between the tabulated
data points.)

c. Summary. The results of the LCCA are
summarized on the summary worksheet DA Form
5605-2-R (fig. A-13). The results are clearly
conclusive; alternative A is ranked higher on the
he basis of its lower net LCC and is used as the
baseline conventional system in the LCCA of
paragraph 6-4 below.

6-4. HVAC system: energy conserva-
tion.

This LCCA, like the one presented in paragraph
6-3, is part of the economic study for the Central
Administration Building at the ABCDE Ammuni-
tion Plant, in Mississippi. As indicated in para-
graph 6-3, once the most economical conventional
HVAC design has been determined, the next step
involves the conduct of a special energy study to
determine if there are any extraordinary energy-
saving designs that would be more economical
(than the conventional design) for this particular
application. It is this second step in the HVAC
system design-the special energy study required
by statute–that the LCCA presented in this
paragraph addresses. There are four alternatives
included in the LCCA—three different energy-
saving designs, all based on the use of non-
renewable energy resources, plus the most eco-
nomical conventional design, determined from the
results of the LCCA discussed in paragraph 6-3.
The LCCA illustrates the use of the conventional
PW calculation approach in applying the special

FEMP criteria of paragraph 2-3 to these four
HVAC-system alternatives.

a. Input data. The basis input data summary
sheets for the four alternatives (app A) reflect the
fact that this LCCA is conducted in accordance
with the provisions for special directed studies on
energy conservation (FEMP criteria). Thus, the
discount rate is 7 percent; a 10 percent invest-
ment credit is applied to the initial costs of all
alternatives; the end-of-year convention is used
for annual recurring costs; and the timing of
project events is artificial. The analysis base date
is taken to be 1 July 1981, corresponding to the
FEMP-prescribed base data in effect at the time
the study was conducted. That data is also taken
as the assumed BOD and the midpoint of con-
struction (more specifically, as the date on which
initial procurement/construction costs are
charged). All post-BOD one-time costs are as-
sumed to occur on the date on which they would
have occurred if the BOD were actually 1 July
1981. Thus, for example, the fan replacement for
alternative A is expected to occur 15 years after
BOD. This replacement would actually occur on 1
January 2000, since the actual BOD is 1 January
1985. However, for the analysis, with an artificial
BOD of 1 July 1981, it is assumed that the fan
replacement would occur on 1 July 1996. More-
over, as per FEMP criteria, annually recurring
costs are charged at the end of each year,
beginning with 1 July 1982–one year after the
artificial BOD of 1 July 1981. The analysis
period–25 years-is assumed to begin on the
ABD (1 July 1981) and end 25 years later, on 1
July 2006. All costs associated with each alterna-
tive (including the negative net salvage costs) are
listed on its input data summary and included in
the calculation of its net LCC. Differential escala-
tion rates for the cost of fuel oil and electricity
are those which were prescribed for the FEMP at
the time the study was conducted, as indicated in
paragraph 1-4. In accordance with HQDA
(DAEN-ECE-G) guidance at the time of the
study, these rates were determined from tabu-
lated values for the Commercial Sector, published
in 10 CFR 436A. The rates used are those for
DOE Region 4, the appropriate region for a
facility in Mississippi (app C). With regard to cost
estimates, the preferred approach is to have all
costs reflect market prices as of the ABD. If
these costs are too difficult for the designer to
obtain, the designer is permitted-as an approxi-
mation—to base all costs on the purchasing
power of the dollar on the DOS, and to assume
that this represents the purchasing power of the
dollar on the ABD. In any case, when the
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designer elects to
she must do so for

use this approximation, he or
all costs.

b. Computations. The present worths of the
four alternatives are computed by the conven-
tional approach and entered on PW worksheets
(app A). This approach is used here to provide
additional examples of its use, this time following
the provision of paragraph 2-3 (FEMP criteria);
the one-step approach would have given the same
results. A 10 percent credit is applied to the
initial investment cost of all alternatives. The
effect of this credit is to reduce the extra initial
investment cost of the energy-saving alternatives.
The annual series equivalence factors were deter-
mined on the basis of linear interpolation between
tabulated data points in table B-2. Note that the
PW of conventional alternative A is recalculated
here according to the FEMP criteria of paragraph
2-3; the resulting net LCC differs from that
calculated in paragraph 6–3 using paragraph 2-2
criteria.

c. Summary. The results of the PW calculations
are summarized on the LCCA summary sheet DA
Form 5605-2-R (fig A-13). The four alternatives
are ranked solely on the basis of net LCC—the
alternative with the lowest net LCC receiving the
highest economic ranking. The difference in net
LCC between the highest-ranked alternative (al-
ternative D) and the second highest-ranked alter-
native (alternative B) is about 1 percent, must
less than the probable accuracy of the cost data
involved in the analysis. Thus, these alternatives
tie considered to be tied, and the designer must
use his or her best judgment to select either
alternative D or alternative B for implementation
(para 2-3c). In this case, the designer selected
alternative D because it is expected to consume
less energy than alternative B.

6-5. Domestic water heating system:
energy conservation (solar).

This LCCA, like those presented in paragraphs
6-3 and 6-4, is part of the economic study for the
Central Administration Building at the ABCDE
Ammunition Plant in Mississippi. Like the LCCA
presented in paragraph 6-4, it is conducted as
part of the special energy study for the project,
to determine if there are any extraordinary
energy-saving designs that would be more eco-
nomical (than the best conventional design) for
this particular application. Unlike that LCCA,
however, the LCCA presented here deals with the
domestic hot water (DHW) system, and the use of
non-renewable energy resources—in the form of
solar-energy-is specifically considered. Accord-
ingly, this LCCA is considered to be responsive

31 December 1986

to the special statutory requirement on energy
conservation for MCP facilities (as described in
paragraph 2-4). It illustrates the use of the
conventional PW calculation approach: for a de-
sign application in which the alternatives are not       
necessarily mutually exclusive (i.e., the solar-
energy system cannot stand alone, but must have
a conventional system as backup), and in apply-
ing the special FEMP criteria of paragraph 2-4
for the case of an incremental approach, where
only incremental costs (i.e., cost differences) be-
tween two alternatives are considered. It also
illustrates the special economic ranking calcula-
tions—savings-to-investment ratio and discounted
payback period (SIR and DPP)–which may be
required for certain types of energy-conservation
applications (e.g., solar-energy systems).

a. Input data. The baseline alternative (alterna-
tive A) is the best conventional design-an elec-
tric DHW system (as determined from the results
of an LCCA conducted earlier and not illustrated
herein). The other alternative (alternative B) is a
DHW system that consists of a solar-energy-
based heating system and a conventional heating
system for backup. The conventional system
selected for backup is the alternative A electric
heating system. In accordance with standard
practice for the incremental-analysis approach,
only the incremental costs—i.e., the cost differ-
ences between the alternative B combined system       
and the alternative A baseline system—are con-
sidered, and only these are listed on the single
basic input data summary worksheet (app A).
These are the extra costs (and/or cost savings)
that are attributable to the solar-energy “add-
on”. (The cost figures for each of the two
alternatives considered in the typical incre-
mental-analysis approach, from which the incre-
mental costs are calculated, would be provided on
the appropriate backup sheets in the LCCA
documentation.) The basic input data summary
worksheet reflects the fact that this LCCA is
conducted in accordance with the provisions for
special directed studies for energy conservation
(FEMP), as was the LCCA presented in para-
graph 6-4. The extensive discussion provided
there on the application of the FEMP criteria—
e.g., the use of a 7 percent discount rate, 10
percent investment credit, end-of-year convention
for annually recurring costs, artificial timing for
project events, 1 July 1981 ABD, differential
escalation rates from 1982 CFR, etc. —is applica-
ble to this LCCA as well. An analysis period of
25 years is used here, based on the assumption
that the economic life of the facility will be at        
least 25 years. It is also assumed: that the
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economic lives of both the solar-energy system
and the electric heating system are 25 years, and
that the present worth (PW) of any net salvage
value that would properly be claimed would be
small enough to ignore. (It should be noted that,
while both of these assumptions may be common,
other views are equally common. The economic
life of a typical solar-energy system is considered
by many to be more on the order of 15-20 years,
than 25 years, and the PW of the net salvage
value of a typical solar-energy system is consid-
ered by many to be too large to ignore-i. e.,
based on the not uncommon assumption of a net
salvage value for the solar “add-on”, of as much
as 20 percent or more of the initial investment
cost, for the scrap value of copper tubing and
other materials.) The incremental initial invest-
ment cost shown includes the additional cost of
design for the solar-energy “add-on” as well as
the additional cost of supervision and administra-
tion (S&A) anticipated, both considered to be
relevant and significant in an application such as
this (i.e., one involving an “add-on”). Contingency
costs are not included, however, in accordance
with standard practice.

b. Computations. The net LCC savings attribut-
able to the solar-energy “add-on” to the conven-
tional DHW system is computed directly by the
conventional PW approach applied to the incre-
mental costs of alternative B vs. alternative A
(app A). A 10 percent investment credit is applied
to the incremental initial investment cost, as
required. The annual series equivalence factors
are determined from table B-2, with linear inter-
polation used for the factor for electricity costs.
As required by the Congress, the SIR and DPP
are also computed (app A). (Note that the
worksheet for the SIR and DPP calculations has
been designed to be used with either the incre-
mental approach or the tradeoff approach.)

c. Summary. The net LCC savings, SIR, and
DPP are reported on the summary sheet DA
Form 5605-2-R (Fig A-13). Since the net LCC
savings is positive, the solar/electric water heat-
ing system must be selected for implementation.
(Note that the SIR of 1.5 and the DPP of 13
years also indicate that the solar/electric system
is cost effective.)

6-6. Wastewater-treatment facility.

This LCCA–conducted during the early stages of
design of a wastewater-treatment facility for Fort
Oaks, Alabama-is considered to be responsive to
the statutory requirement that all new Federal
wastewater treatment facilities make use of inno-
vative or alternative processes and techniques

whenever it is not
so (i.e., as long as

TM 5-802-1

economically prohibitive to do
the additional cost of doing so

is no more than 15 percent, on an LCC basis).
There are four alternatives included in the LCCA,
two of which are considered to represent conven-
tional plants (alternatives A and D) and two of
which are considered to qualify as innova-
tive/alternative concepts (alternatives B and C).
(The alternatives considered–and the basic input
cost data—are based largely ‘on the guidance
provided by the Environmental Protection
Agency in EPA Manual 430/9 -78-009.) This
LCCA illustrates once again the use of the
conventional PW calculation approach. It also
illustrates the proper implementation of the spe-
cial economic ranking criteria of paragraph 2-5
and the proper approach to use when the eco-
nomic life of the facility is expected to be
substantially in excess of 25 years.

a. Input data. The basis input data summary
sheets for the four alternatives (app A) reflect the
fact that this LCCA, like those described in
paragraphs 2-2 and 2-3, is conducted in accor-
dance with the provisions for general economic
studies (HQDA criteria). Thus, the discount rate
is 10 percent; the mid-year convention is used for
annually recurring costs; the timing of all events
is natural-i. e., as actually projected; etc. Al-
though the economic lives of the alternatives
considered are projected to be well in excess of 25
years-actually, on the order of 40-50 years (on
the basis of the best information available at the
time the study was conducted) the analysis period
is taken to extend only 25 years beyond the
BOD, in accordance with the provisions of para-
graph 2-2b(3)(b). All costs associated with each of
the alternatives are estimated (in large part, as
indicated above, based on guidance contained in
EPA Manual 430/9-78-009), and then listed on
the data summary sheet for that alternative,
along with the times they will be incurred, and
the sources of cost data, and plotted on the cash
flow diagram for that alternative (app A). All
relevant and significant costs are provided for,
including land acquisition costs, where appropri-
ate (i.e., where land available at the site is
inadequate to accommodate the particular alterna-
tive, as in the case for alternative D). It should
be noted that a methane-gas collection system is
incorporated into the design of alternatives A, B,
and C, and that this fact is appropriately re-
flected both in the initial investment costs for
these alternatives ($20,000 extra, in each case)
and in the annual cost of electricity (reduced by
the savings effected through the use of the
methane).
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b. Computations. The present worths of the
various alternatives are computed by the conven-
tional approach, and are entered on the PW
worksheets (app A). The annual series equivalence
factors were determined on the basis of linear
interpolation between tabulated data points in
table B-2.

c. Summary. The results of the LCCA are
summarized on the summary worksheet DA Form
5605.2-R (Fig A-13). Paragraph 2-5c requires
that the conventional alternatives be ranked sepa-
rately, in accordance with the criteria of para-
graph 2-2c; that the innovative alternatives be
ranked separately, on the basis of their LCCs;
and finally that the net LCC of the highest
ranked innovative alternative be compared with
115 percent of the net LCC of the highest ranked
conventional alternative to determine which of

31

the two will be selected for
Based on these ranking criteria,

December 1986

implementation.
alternative A is

given the higher ranking of the conventional
alternatives, and alternative B is given the higher
ranking of the innovative alternatives. Since the
net LCC of innovative alternative B exceeds 115
percent of the net LCC of conventional
tive A, alternative A is ranked higher
lected for implementation. Note that the
ability of a substantial amount of extra

alterna-
and se-
unavail-
land at

this particular installation at or near the site of
the facility has a significant effect on the eco-
nomic ranking of the alternatives. At another
installation, where extra land at the site of
interest might be plentiful and readily available,
the relative rankings of these same alternatives in
all likelihood would be different.

6-6



31 December 1986 TM 5-802-1

APPENDIX A

LIFE CYCLE COST ANALYSIS EXAMPLES

LIST OF EXAMPLES

ROADWAY/PARKING SURFACE

HVAC SYSTEM: CONVENTIONAL DESIGN

HVAC SYSTEM: ENERGY CONSERVATION

DOMESTIC HOT WATER HEATING SYSTEM:
CONSERVATION (SOLAR)

WASTEWATER TREATMENT FACILITY

PAGE

1

7

13

ENERGY
23

28

A-1



TM 5-802-1 31 December 1986

ROADWAY/PARKING SURFACE

PAGE

Alternative A: Basic Input Data Summary
Present Worth: One-Step Approach

Alternative B: Basic Input Data Summary
Present Worth: One-Step Approach

Summary

2
3

4
5

6

A-2



31







TM 5-802-1 31 December 1986

LIFE

ONE-STEP APPROACH

CYCLE COST ANALYSIS
PRESENT WORTH:





TM 5-802-1 31 December 1986

HVAC SYSTEM: CONVENTIONAL DESIGN

PAGE

Alternative A: Basic Input Data Summary 8
Present Worth: Conventional Approach 9

Alternative B: Basic input Data Summary 10
Present Worth: Conventional Approach 11

Summary 12

A-8



31 December 1986

LIFE
BASIC

CYCLE
INPUT

COST
DATA

TM 5-802-1

ANALYSIS
SUMMARY



A-10



31 December 1986 TM 5-802-1

LIFE CYCLE COST ANALYSIS
BASIC INPUT DATA SUMMARY





December 1986 TM 5-802-1

LIFE CYCLE COST ANALYSIS
SUMMARY



TM 5-802-1 31 December 1986

HVAC SYSTEM: ENERGY CONSERVATION

PAGE

Alternative A: Basic Input Data Summary
Present Worth: Conventional Approach

Alternative B: Basic input Data Summary
Present Worth: Conventional Approach

Alternative C: Basic Input Data Summary
Present Worth: Conventional Approach

Alternative D: Basic input Data Summary
Present Worth: Conventional Approach

14
15

16
17

18
19

20
21

Summary

A-14

22



31 December 1986



TM 5-802-1 31 December 1986



31

●

December 1986

LIFE CYCLE
BASIC INPUT

COST
DATA

TM 5-802-1

ANALYSIS
SUMMARY





31

c

December 1986

CYCLE
INPUT

COST
DATA

TM 5-802-1

ANALYSIS
SUMMARY



31 December 1986



31 December 1986







TM 5-802-1 31 December 1986

DOMESTIC HOT WATER HEATING SYSTEM: ENERGY

CONSERVATION (SOLAR)

PAGE

Alternative B-A: Basic Input Data Summary 24
Present Worth: Conventional Approach 25

Savings-To-investment Ratio (SIR) & Discounted Payback
Calcu lat ion 26

Summary 27

A-24



31 December 1986



A-26







31 December 1986 TM 5-802-1

WASTEWATER TREATMENT FACILITY

Alternative A: Basic Input Data Summary
Present Worth: Conventional Approach

Alternative B: Basic Input Data Summary
Present Worth: Conventional Approach

Alternative C: Basic input Data Summary
Present Worth: Conventional Approach

Alternative D: Basic input Data Summary
Present Worth: Conventional Approach

Summary

29
30

31
32

33
34

35
36

37

A-29



TM





TM 5-802-1 31 December 1986

ANALYSIS
SUMMARY



31 December 1986 TM 5-802-1

LIFE CYCLE COST ANALYSIS





(



TM 5-802-1



31 December 1986 TM 5-802-1





31 December 1986 TM 5-802-1

APPENDIX B

TABLES OF FACTORS
FOR

PRESENT WORTH CALCULATIONS: CONVENTIONAL APPROACH

B-1. Tables B-1 and B-2 provide annual cash-flow-series equivalence factors–i.e., factors which make
it possible to compute the one-time-cost equivalent of an annual cash-flow series directly-for a series of
constant or uniformly escalating, annually recurring cash flows. These factors are presented as ratios of
(1) the magnitude of the equivalent one-time cost for the series (i.e., the PW of the series), at the time of
the first cash flow in the series, and (2) the magnitude of the first cash flow in the series. Table B-1 is
based on a 7 percent discount rate, and table B-2 is based on a 10 percent discount rate. The tables
cover differential escalation rates from -5 percent through +10 percent, including O percent, in 1 percent
increments. They provide equivalence factors for series of 1, 2, . ..30. 40, 45, and 50 annual cash flOWS

(payments, income, savings, etc.).

B-1
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B-2. Table B-3 provides escalation factors for differential escalation rates from -5 percent through
+10 percent, in 1 percent increments, for escalation periods of 1/4, 1/2, 3/4, 1, 2, . . . . 30, 35, 40, 45, and
50 years.

I
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B-3. Table B-4 provides discount factors for discount rates of 7 and 10 percent for discounting
periods of 1/4, 1/2, . . . 3/4, 1, 2, 30, 40, 45, and 50 years.



31 December 1986

APPENDIX C

DEPARTMENT OF ENERGY (DOE) REGIONS





31 December 1986

The proponent agency of this publication is the Office of the
Chief of Engineers, United States Army. Users are invited to
send comments and suggested improvements on DA Form 2028
(Recommended Changes to Publications and Blank Forms) direct
to HQDA (DAEN-ECE-G), WASH, DC 20314-1000.
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